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1. Introduction

The importance of studying the physico - chemical proper-
ties of maritime aerosols is obvious, because sea salts are
] suspected of influencing the formation of cloud and fogs in
: litoral regions,they can modify solar radiation, and they
can change considerably the quality of the air we breath,
Salt nuclei affect metal, and their impact on the genesis
and gquality of the soil and the growth of plants has been
stressed in the literature., These hygroscopic particles play
an important role in the propagation of optical and acousti-
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The history of cloud physics during the last century §

bears witness to the changing opin.ons of scientists about 3

the potential part that ssa salt nuclei plays in cloud %

forming processes. Since Aitken's publication in 1881 of 2

his ideas about the importance of sea spray aerosols as %

"perhaps one of the most important sources of cloud-produ- g

cing dust', the subject and its broader aspects have been %
discussed several times by atmospheric physicists, Sir %

G, C., Simpson in 1941 corrected some wrong interpretations 3

or the measurements that had been made with Aitken counters, %

At approximately the same time, Cauer (1941) tried to clas- §

sify and describe the function of nuclei in the atmosphere, é

- when it was already known from the experiments of Vigand §
* (1919) and Junge (1936) and from the theoretical studies of i
Volmer (1939) and Krastanov (1946) that sea salt particles %
vere not the only ones involved in cloud formation., In spite g
of these findings and the pioneering work of Kbhler (1921 to g
1950) on the nature and physical chemical function of salt E
nuclei, few authors considered nuclei cther than sea salt é
;
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{ and sulfuric acid while establishing microstructural models
E of warm clouds (Findeisen 1937, 1941; Simpson 1941),

The generating processes and the physical chemical pro-
perties of sea salt aerosols were largely unknown at the end
of Jorld var IT, Under the influence of KbBhler's theory, not
much attention was paid to the possible generating processes
that might lead to the production of very small nuclei, Ideas,
such as Cauer's (1941, 1951), who in following Fellenberg's
lead thought that nuclei of hydrochloric acid are generated
atove the sea's surface through the photochemical reactions
of the free chlorine that is released from seawsater under
the action of strong oxydants with water vapor, and Melander's
hypothesis (1897) explaining the origin of salt nuclei through
direct evaporation of sea water, are now almost forgotten,

The former idea nas been discredited by thorough guantitative
analysis and direct measurements and the latter proven in-
effective by the laboratory investigations of Lodge and
¥chonald (1954). Greater importance is given to the processes
that genera*e salt solution droplets through the bursting of
bubbles and emission of jets on the ocean's surface and to
the simple spraying and drying of sea water on the shore and

the subseguent transport of the salt nuclei in the atmospheric
boundary layere.

.%
]
)

ow S e ratataraeny

e —— A - N Bt s =

VR

TG A R

One of the first attempts to estimate the concentration
of sea salt nuclei produced by the splashing of waves and the
f : evaporation of spray was made by Findeisen in 1937, He assumed
the mean weight of the nuclei to be lO'log and obtained concen-
trations of between 10 and 20 nuclei per liter of air, Jacobs
in 1937 and Owens in 1940 also believed that bursting bubbles
wvere a source of salt nuclei, After 1950, Beliaiev presented
a complete picture of how tiny water drops with radii between
10"'5 to 10“2 cn originate through the bursting of bubbles
above foaming wave crests at wind velocities surpassing 7.0
m/sec, BElinov (1950) provided a rough calculation for the
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i concentration of drops of similar size (lO”ato 5x10~2 cm"3).

; The generating mechanism of sea salt particles has since been

' thoroughly analyzed by Woodcock (1953), Knelman et al., (1954),
{ Kientzler et al. (1954), Blanchard (1957), Day and Lease (1968),
' and others, Both mechanisms, jet generation, which produces a
few large drops, and bubble bursting have been found to be

| ' effective, VYhen bubbles with diameters between 2.5x10"2 to
2,15x10"1 cm burst, several hundreds of drons with sizes
between 2x10~2 to 5x10’5 cm are generated according to the
calculations of B, J, Masen (1957). Relatively good correla-
tions Dbetween calculated values and the concentrations measu-~
red above the sea's surface and in the laboratory have been
found by Moore and Hason (1954). The production rate of nuclei
calculated by Moore and Mason, and by Blanchard (1969) is
between several tens to 100 cm“asec“l. These values are cer-
tainly lower than those estimated by Squires (l966)(1800m'2.
sec"l) over the oceans on a global scale; however, they do

not contradict the general picture drawn by Toba (1966) of

} the production and distribution of nuclei over the world's
oceans, Recently, Lai and Shemdin (1974) have found through
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%‘ remote sensing of the air-sea interface that the droplet
? generating mechanism suggested by Blanchard (bubble bursting)
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accounts for only a portion of the total droplet production,

2. Sea Salt Nuclei Generation

The calculated concentrations of nuclei must be considered
1 as mean values for a relatively long time interval, There will
be large deviations from these numbers as the result of the
i several physical chemical processes that influence the release
of drops and their evaporation above the ocean's surface, o
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First of all, wind velocity is mentionel as a dominating
factor in the generation of nuclei through bubble bursting,
jet emission, or the simple process of spraying. lMany measu-
rements have been made of this factor, but there is still -
little information on the extent to which high wind speeds

! contritute to the increase in the concentration of large

‘ and giant nuclei in the lowest meters above sea level. In ¢
regard to this one should consider two different situations:

the generation of salt nuclei at the seashore and the high

! seas, Several articles have been published on the increase il
in the amounts of salt aerosol deposited by strong sea bree-

i zes at the seashore. Metnieks (1958) found a large content

of sea salt nuclei on the west coast of Ireland at a wind

velocity greater than 5.5 m/sec. Also, a good correlation

between wind velocity and sea salt nuclei was found by

Georgii and Metnieks (1958), Moore ané hason (1954) in their

study of generation of large salt nuclei above the ocean's

surface direw attention to an apparent break in the curve of

the salt nuclei mass distribution at around lO‘llg. They )
explained that this break was attributable to a wind speed

that exceeded 7 m/sec. Toba (1965) deduced from his analyses

of the production rate of sea salt nuclai that the production

increases with wind speed until it attains a rate of 8.0x10"l

cm"afsec'l for nucleus mass m = 10~J¢? g at 7 m/sec.

From 7 to 10 m/sec, the production curve flattens, Above a

velocity of 10 m/sec, the curve rises almost exponentially

with tne wind speed. The author explained this fact by

assuming that the pull of gravity on the waves and wavelets

is less effective ir entrapping the bubbles before they

manage to burst in this critical velocity range. Podzimek »
(1973) in a similar study did not find such a pronounced
change in the nuclei size distribution curve on the shore

of Padre Islands, Texas,; but it was apparent to him that the
generation of larger salt nuclei intensified at nigher wind
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speeds, Schmidt (1972) observed that on the west ccast of
Denmark extremely large concentrations of tiny salt nuclei
E (r=06,08 um) were airborne by strong winds that brought air
: masses from places over the ocean where a well developped

‘ .- cyclone had passed, In this case, the normal generating
mechaniem of marine salt nuclei could have been enhanced by
the raindrops that struck the oceants surface and alsoc by
the evaporation of the larger drops.

Several quantitative studies have been made recently
by scientists of the influence that sea wind velocity has
on the production of salt nuclei, Petrenchuk and Ionin
(1974) and Petrenchuk et al, (1974) found very high concen-
trations of NaCl and CaSOh on the Crimean coast of the Black
Sea when the winds blew in from the sea with velocities
greater than 7 m/sec, Within a distance of 75 m from the
i coast the mass concentration of chlorine ions increased

from 2 to 2000 ugm"3 if the wind velocity increased from
i 0 to 11 m/sec, A less pronounced relationship was found on
| the shore of th nv Sea wheres at ¥ind speeds of between
7 and 9 m/sec shiucine ion concentrations of 1.8 ugm"3 were
detected, This latter ouservation disagrees strongly with
the earlier measurements of chlorine ions that wore made by
Burkser (1951) almost in the same area. He obtained a mean
of 306 ugm"3 and a maximal value of 540 ugm'B. The only
explanation is that the samples taken by Burkser were in-
flusnced by the local sources of salt particles, i.e,, the
salt flats around the Azov Sea,
. From the results of the many measurements that have
been made to relate the generation rate of salt particles
to wind velocity, one cannot expect to obtain a conclusive
picture unless more is knovn about the wave forming mecha-
nism and the formation of foaming wave crests, Especially
on the seashore, the conditions of wave formation depend
strongly on many factors, such as wind duration, direction,
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variability, and turbulence, subagueous bathymetry, and the 25

1
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geometry of the shore. All these factors cortrol the breaking
of waves in the surf zone, Other factors, such as air tempe-
rature and humidity, contribute to the evaporation of sea ~
érops and to the formation of salt nuclei., And possibly,
: admixtures in sea water of inorganic or organic particles
(surfactants) might be a contributing factor. ‘
Temperature affects the production rate of sali nuclei
on the sea surface in different ways., Myiake and Abe (1948)
and Abe (1955) pointed out that the decay rate of a patch
of foam on the sea's surface at 20°C is two times greater
than it is at a temperature of 0°C, This idea was also ac-
cepted by Blanchard in 1971, who in several other articles
stressed the importance of the surface active materials,that
are concentrated in t“e uppermost layers of sea water
(Blanchard 1963, 1968, 1974). These materials, which are ana-
lyzed later, are temperature dependent as well as being af-
fected by droplet emission, the jet-mechanism, and bursting
bubbles (Mac Intyre, 1972; Day and Lease, 1968). Woodcock
in 1972 drew some interesting conclusions from the sea salt
nuclei measurements he made around the Hawaiian Islands and
Alaska, He concluded that there is a significant difference
between the size spectra of salt nuclei measured over the
biclogically productive waters of Alaska and the size spec~
tra ot nuclei sampled over the less productive sea around
the Hawaiian Islands, Zvidently, the very small drops that
are formed by the bursting of bubbles are suppressed because
they are coated by & film of surface active material, In ad-
dition to this process, the temperature and temperature gra-
dient in the uppermost layers of the ocean - according to ’
Mac Intyre (1972) 3°C/cm at depths between 60 to 500 um -
influence the transport of icns through the Ludwig-Soret
effect and the concentration of ions on the sea surface for
entropic reasons. The impact of such a very thin leycer -
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- 10 to 103 R according to Mac Intyre (1972, - of concen-
trated organic substances on the lifetime of bubbies and the
emission of droplets is obviocus,

Air numidity cdetermines the rate at which drops of sea
vater evaporate, and, vossibly, when combined with insclation
and a change in temperature, shatters the sait crystals that
form, The effect of humidity on the formation of salt nuclel
close to the sea's surface has been thoroughly analyzed by

Tova (1955). For a steady state condition with no horizontal

wind variations and a logarithmic wind profile over the ocean,

he deduced that the vertical distribution of droplets with a
certain amount of salt can be expressed by a straight line on
a2 logarithmic diagram, However, he assumed that the salt drop-
lets remain in a static condition even when the rel. humidity
remains below 75% and thereis no subsecuent transformation of
the droplets into crystals that are shattered., Actually, for
more than 30 years, an old hypothesis of Dessens (1546,1949)

concerning the shattering of salt nuclei in the atmosphere

persists and awaits proof or disproof. Laboratory observations

by Facy {1951), Twomey and McMaster (1955) and Radke et al.
(1972) support its validity in spite of the strong discrepen-
cies in the observed number of generated nuclei, On the other

hand, Lodge and Bazr (1954) and Blanchard and Spencer (1964)
were unable to find any evidence

crystals after their generation,
conducted laboratory experiments

of the shattering of salt
Podzimek and Saad (1974),who

with a stored sodium chlori-~
de aerosol, found that after the salt nuclei had heen gene-

rated only the Aitken nuclei increased in number for several
hours, not the nuclei cf the larger size fractions. The nuclei
below 0,1 um ir size, however, ceculd hardly be detected by
them with the techniques originally used by H.Dessens. In
their opinion, the solution of this dillema can be found in

the laboratory by performing expveriments with well controlled
conditions of temperature and humidity and in nature by
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checking carefuliy the composition of the sea aerosol,

Day and Lease (1968) mentioned that the bursting of bub-
bles derended on humidity, Their empirical formula for the
number of drops generated by the bursting of a bubble's film
included a term related to the humidity of the air. In gene-
ral, the number of emitted drops increases with increased
supersaturation and reachnes a'limit that depends upon the
film cap area, temperature and others factors, The authors
concluded that under normal circumstances the drops above
the ocean's surface will evaporate quickly cnd leave sea salt
nuclei that have an ap.roximate mass of 10-12 Ee

The influence that the inorganic and organic substances,
which are concentrated in the thin uppermost layer of the
ocean, have upon evaporation and upon the vroduction and
growth of maritime nuclei probably has been the most freauent-
ly discussed subject in hydrology and marine meteorology
during the last three decades, The importance of this influ-
ence is extraordinary, because it has very practical applica-
tions, However, the difficulty of drawing simpie quantitative
conclusions from laboratory experiments and observations in
nature is well known (MacIntyre, 1974).

The generation of salt nuclei above the ocean cannot be
separated from the fact that the uppermost layer of sea watar
has a2 chemical composition that is quite different, from that
of deeper waters, An excellent survey of the problems related
to the physics and chemistry of sea water, includlng its tor-

most layer, was published in a book by Horne ( 1969 ). There
is not enough evidence to show that several ions are genera-
ted in the microlayer on the sea's surface, For example, Duce
et al. (1972) found that lead, iron, nickel, fatty acids,
hydrocarbons, and chlorinated hydrocarbons are enriched in the
top 1.0 to 1.5 um thick layer of water in Narrangassett Bay.
The enrichment of this layer is 1.5 to 50 times greater than
the water 20 cm below the surface, It is interesting to note,
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that most of the metal enrichment was observed in the parti-
culates of the organic fraction. Barker and Zeitlin (1972)
also found in a microlayer of water 150 um thick that the en-
richment was due to C, P, NO% and often to K, Na, Mg, and

they stressed the fact that most of what they observed was
organically bound trace metals, They postulated that most

of the substances were scavenged by rising bubbles in the

sea water and were transported into the air through the bubble
bursting process, This hypothesis is supported by the experi-
ments conducted by ¥allace et al., (1972), who concluded that
the formation of a salt aerosol might be strongly influen-
ced by modifications in the composition of the ocean's surface,
Additional evidence of the concentration of some substances at
the sea's surfzce and of the modification of marit-me aerosols
has been prnvidad by Bloch and Luecke (1972). They analyzed
the ratios of different ions in ocean and river water, rain,
snov, and dew and studied the relationship between disolved
inorganic salts in sea water and the surface tension of this
natural solution, Because the surface tension of the solution
rises with the salt concentration (at the same temperature),
the characteristic value of the gradient of this rise can be
found for each salt, Finally, Bloch and Luecke (1972) showed
how the apex of a bursting bubble is the primary source of fi-
ne spray and why, duri:g the transport and evaporation of the
drops in the ai-, the enrichmen of K ions, for example, is
much greater than that of Na. Experiments performed by Koske
and Martin (1972) with a "film centrifuge" support the idea

¢t changing surface tension as an explanation for ion fractio-
nation, In this way,; they explained the greater depleticn of
bivalent-univalent salts as compared with univalent-univalent
salts on the sea's surface, The fractionating mechanism on the
ocean's surface and on the drops of spray were thoroughly
analyzed earlier by several authors. Sugawara et al, (1949)
and Sugawara (1959) justified their hypothesis that the frac-
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tionating mechanism is connected with the spray of wave-gene-
rated bursting budbles., Sugawara distinguished two steps in
the process: the change in the composition of the bubble-spray
immediately after its formation (synfractionation) and the
fractionating crystallization of the salts in the evaporating
drops., The first process might be strongly influenced by the
enrichment mechanism of the rising bubbles in the top layer
of the sea (Vallace et al, 1972) and by the presence of sur-
face active material, such as the phosphates studied by Baylor
et al, (1962), Another mechanism of fractionation that is ba-
sed in principle on the so-called "Ludwig-Soret effect! was
suggested by Komabayashi (1962), He found that the enrichment
of the seais topmost layer is linearly proportional to the
atomic weight of ions and that this fact can be explained by
the differentiating thermal-diffusion process, However, this
process is apparently too slow to explain the observed values
of fractionated ions, Several authors studied the varistions
in ionic¢ ratios in the aerosols and compared them to the sea
water ratios, Hoffman and Duce (1972) found that there is no
large scale ion fractionation in the Hawaiian atmosphere, and
Korzh (1972) proposed the idea that sea salts are carried

into continental airspace without the ratio of individual

ions changing in the aerosol. This view does not agree with
the results obtained by Chesselet et al. (1972), who found

an enrichment of several ions, such as K. However, in the

case of Cl/Na, the ratios in the aerosol were almost same as
in sea water. The enrichment preferentially affected the small
particulates ( < 1-2 um).

The influence of surfactants on the formation and growth
of sea salt nuclei in a humid atmosphere is still one of the
nost investigated subjects in the physics and chemistry of the
ocean and in cloud physice., Without mentioning details about
the nossible function of surfactants as agents that can retard
the evanoration of large bodies of water or of tiny drops

10
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(La Mer, 1962) it can be stated that there are several ways

in which surface active material can influence the formation
of salt nuclei above the ocean's surface, Many articles deal
with the origin and amount of surface active material on the
sea's surface (Vinogradov, 1953; Wilson, 1959; Neumann et al,,
1959; Scheiman and Jarvic, 1963; Fog, 1965; Blanchard, 1968;
Garrett, 1967, 1968; :oodcock, 1972; Barger and Garrett, 1970,
1976; Baier, 1972; Baier et al,, 1974.). For the purpose of
this report, one can leave aside the question of the nature of
the coating material that was recently discussed on the basis
of two different results of a similar investigation (Garrett,
1967; Baier et al.,, 1974; Blanchard, 1974; Marty and Saliol,
1974), However, there are not many quantitative analyses that
show what type of organic substance is bound on certain sized
drops of salt nuclei and at what concentration, There see~s to
be a prevailling general opinion that more organic material is
bound on small particulates (Blanchard, 1968; Russell and
Stampfer, 1976). The most important conclusion that has been
derived from observations in nature (\Wloodcock, 1972) and from
measurements in the laboratory (Garrett, 1967, 1968; Blanchard
and Syzdek, 1972) is that the size of the bubbles and genera-
ted salt nuclei depends on the concentration of surface active
material, For example, Garrett (1968) made the following sta-
tement in his article: "The increase in the number of salt
particl:~ measured is not due to a surface-chemical modifica-
tion of either the sea water droplets or the surface of salt
particles but is a consequence of alteration of the mechanics
of the bubble bursting process, The insoluble film decreases
the degree of foaming at the sea-water surface and enhances
the immediate breaking of small bubbles", This conclusion
stresses the importance of studying the proper adsorption of
surface active organic material on bubble rising through the
upper layer of the ocean (Riley, 1963; Baylor and Sutcl: ffe,
1963; Siegel and Burke, 1965; Neuzel, 1966; Blanchard ani
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Syzdek, 1972) in relation to the mechanism of formation and
bursting of bubbles on the surface (Voodcock et als., 1953;
Knelman et al,, 1954; Mac Intyre, 1972). A possible mechanism
of function of surface active material was described by . ’
¥Yac Intyre (1972, 1974) in a2 simple hydrodynamic model, He
vas able to show that a bubble'!s short lifetime is an indica-
tion of presence of surface active film, However, the ques- )
tion about the further role of the thin film during the evapo-
ration of a salt solution drop is left unanswered. There is
good reason to assume that the rate of evaporation and of salt
crystalization is altered by the presence of a protecting film,
Many laboratory investigations of this kind have been made by
Russian scientists (Izmailova et al,, 1957; Deryaguin et al,,
1966; Leonov et al,, 1969, 1971; Storozhilova, 1971; Silaiev,
1971; Bakhanova et al,, 1974). Also there is a possibility
that the structure and probably the shattering of salt nuclei
can be changed by presence of surface active material, Several
authors have indicated that the density of dried salt nuclei
usually does not correspond to the bulk crystals and decreases
with an increase in nuclei size (Duffie and Marshall, 1953; '
Crossby et al., 1958; Ueno and Sano, 1972). Podzimek (1974)
concluded from his laboratory measurements and observations
in nature that for the most part giant sodium chloride nuclei
have crystaline structures that contain hollow spaces.However,
the complexity of sea water dropes and the salt nuclei coating
process in nature is so great that many authors are quite
skeptical about the successful simulation of natural conditions
in the laboratory (Mac Intyre, 1974).
Another possible influence that surface active materials
may have on the formation of the size spectrum of salt nuclei .
can be observed in the coagulation rate of coated and uncoated
solution drops or salt nuclei. Morachevskii and Kiriukhin (1968,
1969) analyzed the conditions of the change in the coagulation
process inside of a cloud by coating the drops with a surface
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é active material, They concluded that the coating layer %
% affects the coalescence process in such a way that the %
v Langmuir chain-like process starts early. The effect of é
% a surtace active substance on the stability of aquaeous E
d salt solution aerosols was thoroughly investigated by : =
: Ueno and Sano (1971, 1973) and by Ueno (1974). The orga- ' g
% . nic vanors deposited on the drops of NaCl and NaZSOh 50~ %
: lution that were several microns in size decreased the g
E coalescence rate in a manner dissimilar to humidity,which %
: acted as a coagulation~-promoting agent, %
i 3 Many questions pertaining to the function of salt %
E nuclei with retarded activity in the formation of cloud %
% drops are, however, unanswered in spite of some imple %
: models which have been presented recently (Podzimek and £
: Saad, 1975). -
; . i
4 : 3. Measured and Estimated Concentrations of Salt Nuclei %
%f { Immediately Above the Sea's Surface ;_g
% ' i3
» The different physical and chemical processes described LA
% in the previous paragraphs strongly affect the nature and ' §
: concentration of salt particles above the scats surface, Se- ;
veral investigators have found the break in the size spectrum E
curves of salt particles to be in the domain of 10~*4to 1071 7¢, 3
: which is exvlained by the transition from a bubble jet to a
B bubble film generating mechanism (Yoodcock, 1972). Many authors
:§ ’ have stressed the close relationship between the mechanism of
; bursting bubbles and the composition of salt nuclei (Oddie,
: 1960). Also, there is evidence that the water in clouds can
. considerably affect the composition of the nuclei remaining

S P rreTs LURE craar s ,5"‘,; = v

PR Y e Pt
Al Nt PP oy (MR R L DS - Do e




‘R‘
kg
3
7
4
4
H
L
-
¢
.

TR TS

T e W n &

r— = gD
FroTae ‘;gf;@g‘%ﬁw{m, 2

- A———

in the air after the cloud drops have evapcrated (@oodcock
and Spencer, 1957; Rosinski and Nagamoto, 1972), Close to
the sea shore, the mixed nature of nuclei (Pueschel et al,,
1969; Pueschel and Van Valin 1972, 1974; Tsunogai et al,,
1972; Green, 1972) is dominated to a very large portion by
sulphates (Lodge et al.,, 1960; Hobbs and Radke, 1970; Junge
et al., 1969). The necessity of properiy analysing the me-
teorological and geographical conditions during t.ie sampling
of an aerosol on the seashore was strongly stressed in arti-
cles by Kuroiwa (1951), Junge et al.,(1969, 1972), Turpin et
al., (1974) and Green (1972). All found that the composition
of marine nuclei depended strongiy on the environmental sour-
ces of the particles that form the mixed character of the
nuclei, Even over the high seas, a large portion of sulfates
were found in the marine aerosols (Dinger et al,, 1970;
Georgii and Gravenhorst, 1972). Interestingly enough it was
found that the S50, enrichment of the aerosol above the waters
of the Gulf of Guinea balances the observed Cl loss in accor-
dance with the gaseous HCl formation process in marine atmo-
spheres (Buat-Menard et al.,, 1974).

There are still many guestions that remain unanswered
with respect to the measurement of salt nuclei above the
sea's surface, Shattering and coating of the nuclei are some
of these, but there are many other factors that affect the
formation of the salt nuclei size spectrum, For example,
coagulation and particle deposition on the surface of the sea
can strongly influence the sampling technique and the results
of nuclei cow.ting, ¥iith this in mind, I will attempt to
summarize some of the more important measurements that have
been made,

The results of the older measurements of chloride ions

in an atmospheric aerosol were usually presented in the form

of integrated values of the ion i» # unit volume of air anc¢

s -7 . 5
expressed either as g em™ or s ug in n’. Cauer (1951)
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found the following amounts of chloride in ug in 1 nd of air:

7 ugm"3 in England, 32 ugrn"'3 in Schlesien (Central Zurope),

70 ugm™> in Vysoke Tatry (Czechoslovakia), and 149 ugm=3 in

Kiel above the surface of the sea, A more detailed study was

made by Junge (1956) over the territory of the U.S.A. and over

Jest Germany with the aid of a cascade impactor, He divided

; the varticles into giant and large nuclei and obtained a very

; E interesting group of curves for the chloride concentration

Z wvith respect to the distance from the ocean, The mass of large

; nuclei decreased as the seashore was approached, ror example,
in Jest Cermany at ¥Frankfurt it was q”;cm‘3, and in Florida
0.05‘ycm'3. The high values in Frankfurt were measured during
the winter, vhereas in summer they were considerably lowver
( 1.6 ycm=> for large nuclei and 0,56 3’cm"3 for giant nuclei),
An analysis of aerosol particles comvosed mainly of chlorides
was performed later by Junge (1957) at Hilo Harbor, Hawaii,
There, the chloride concentrations ranged from 0,093 to 4.96
,ugm'3, if tue particle radii were between 8x10~6 and 8x10~%
cm, These values are much lower than the chloride concentra-
tions measured by Cauer, who measured the total chloride ion
content in the air, including the gases,

Lodge (1955) found significant decrease in sea salt nu-
clei concentration with respmect to the distance from the sea~
shore vnen he made his measurements at Puerto Rico, Also, on
Padre Island, Texas, Podzimek (1973) found a strong decrease
in giant nuclei concentrations within a distance of several
tens of meters from the surf zone, Hsu and ‘Yhelan (1976) mea~

i sured the salt nuclei concentration with respect to the dis-
tance from the surf zone and established an analytical ex-
vression for the decreasing varticle concentrations,

The large scale transport of salt particles from the
ocean to the mainland was investigated by Byers et al.(1955)
in the U.5.%. and by King and Maher (1976) over Central
' Queensland in Australia. The latter studies led to the con-
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clusion that the salt particle concentration varied insigni-
ficantly (by a factor of two) between the level of 200 m and
the base of the clouds, and that at a distance of 1000 km
inland the concentration decreased by a factor of five,

Improved isopiestic techniques (Toba, 1948), impactors,
and centrifuges wvhen combined with mobile analyzers, flame
vhotometric counters, chemical spot test methods, X-ray ener-
gy svectrum analyzers, and mass spectrometry have recently
made possible the investigations of several important featu-
res of sea salt aerosols, The mean concentration of an aero-
sol at sea level and its change with increasing altitude as
well as the transformation of the size distribution of sea
salt particles transported over the mainland have always been
of interest to investigators. The role played by sea szlt
particles in the total aerosol content above the sea and the
smallest and largest salt particles found in the atmosphere
at certain altitudes during a specific meteorological situa-
tion have been intensively investigated. The more important
results have been applied in models that describe cloud ele~
nment growth and the propagation of electromagnetic vaves.

One of the most extensive studies on the distribution
of sea salt particles above tue ocean was made by Toba in
1965, He used available data and established a model for salt
nuclei generation and transport, The measured and calculated
concentrations of giant nuclei, n.cm"3, in the mass range of
107115 ¢ 1078 g for both summer and winter months are plot-
ted in maps attached to this report (Figs. 1 and 2), The con-
centration isolines clearly show a minimum over the equatorial
and subtropical regions (around O.4 cm™>) and a maximum in the
volar latitudes (up to 1.6 cm‘3). The maxima are higher in the
arctic regions. There are some discrepancies between Toba's
data and the measurements made by Kikuchi and Yaura (1970),

wvho observed hich nuclei counts around the equator and close
to ‘lustralia (Freemantle),




In general, however, Toba's picture of the salt particle
distritution over the world's oceans is supported by the meas-
urements made by Joodcock (1953} and Blanchard (1969) over the
Pacific Ocean, by Locge (1955) and Podzimek (1967) in the Ca-
ribbean, and by Moore anf Mason (1954) and Durbin and ¥hite
(1961) over the Atlantic Ocean, Most of the measurements made
recently by investigators on ships in the Atlantic Ocean
(Junge and Jaenicke, 1971; Jaenicke et al, 1972; Mészaros and
Vissy, 1974; Gravenhorst and Georgii, 1972) and in the Pacific
(Chaen, 1973) do not seem to deviate much from the geographi-
cal distribution of salt varticles presented by Toba, Other
measurements along the Pacific shore (Hobbs et 21,, 1576;
flindman et al., 1977) and over the Atlantic (Dinger et al.,
1970) stress the presence of hygroscopic substances smaller
than large salt nuclei, The composition of most of these
nuclei is assumed to be ammonium sulfate as was mentioned
earlier,

The vertical distribution of sea salt particles seems
to be one of the most important parameters needed for any
realistic model of nuclei generation and transport. Several
contributions to the study of this parameter in the 10-m
layer over the ocean have been made by Toba (1965). He assu-
med steady state conditions in the boundary layer above the

ocean and used a logarithmic profile for wind velocity. No

interaction with waves on the sea surface was assumed, The

vertical distribution of the number of salt particles for
each specific range of salt mass contained in seéa water drop-
let could be exvressed by a straight line on a logarithmic
diagram, Ancther interesting study was made by Chaen (1973)
in the Pacific, He measured the distribution of salt parti-
les up to a height of 13 m above sea level, The investigated
range of the masses of salt particles was between lO"’ll to
10-7 g which enabled him to compare his reczults to Toba's,
The results are to a certain extent similar to T¢c
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except that Chaen took into sccount the effective relative
humidity and the relationship to the state of the sea, He
found that the concentration of sea~salt particles increases
linearly on a logarithmic diagram with a dimensionless vari-
able, u,L/¥ , in which u, is the friction velocity, L the
significant wave length, and v the kinematic viscosity of air,
The distribution of salt particles at high altitudes
(up to several km) above sea level was the subject of the
investigations of ‘ioodcock (1953), Lodge (1955), Byers et
al.,(1555), Durbin and “hite (1961), Podzimek (1957), Hobbs
et al (1970), Podzimek and Stampfer (1976), Hindman et al,
(1977), and others, Toba (1965) summarized the measurements
nade by Hoodcock (1953), Lodge (1955), Durbin and Jhite
(1961), and Toba and Tanaka (1963) and concluded that the

concentration, n, of sea salt particles decreases with alti-

tude, 2z, according to the formulz
n = n, exp [-%‘;+ﬁ)zj (1)

in which n, is value of n at z=0, v the terminal velocity of

REES

varticles, D the eddy diffusivity, and B = &/RT. in which

g 1s the acceleration of gravity, R the gas constant for air,
and T the absclute temverature, However, there are substan-
tial deviations from this vertical distribution even in the
material presented by Toba or collected by different authors,
Podzimek and Stampfer (1976) found above the Texas shore

that the numerical value of the coefficient in the exponent
is close to 7,0x10" cm'l, however, large fluctuations of
this value can ve considered as a rule rather than an excen-
tion, In the inmediate vicinity of a temperature inversion,
the values of the coefficient survass several times —3.0xlO'k
cm~l, One can expect that there are no great differences
betireen salt nuclei counts at different altitudes until the
top of the plznetary toundary layer is reachec ani that

the salt nurticle

size distribution curves nave 2lmost the
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sare shapes (Podzimek and Stampfer, . L.

The cuestion about the smaliest apnd larsost salt nuclei
found in the ztmosphere is not yet <omy.. -~y answered., There
is enough evidence to suggest that in ihe marine atmosphere
close to the seashore there are salt particles smaller than
O.1 un in diameter, Their presence was postulated and found
by H. Dessens (1949) and investigated by Podzimek (1973).
Unfortunately, noc systematic measurements have been made
with the exception of some indirect studies in nature. con-
ducted by Twomey (1968)., Others have made very interesting
interpretations from flame-photometric measurements (Bodnaine
and Pueschel, 1972; Doman, 1975). In general, it can be sta-
ted that very small sodium chloride nuclei (d < 0,1 um) do
exist in the marine atmosphere in cosicentration of atout ten
particles per cm? (_oman, 1976), This is considerably less
than the concentration of sulfates in this size range,

Sodium chloride particles larger than i,0 um in radius
are sudposed to prevail in a marine aerosol under normal con-
ditions except fur high concentrations of Saharan dust and
seashore pollution, Several authors have pointed out the fact
that salt particles with radii larger than 10,0 um are found
at altitudes above 1,0 km, a fact that disagrees with the
simple model presented by Toba (1965), For example, Podzimek
and Stampfer (1976) found concentrations of particles with
radii larger than 10,0 um in the order of 10™% particles per
cm” in several samples taken above 1 km, However, because
there is a rather large statistical error in the sampling of
these ultragiant particles, the reliability of these numbers
is very low, During the same flights, sodium nloride contain-
ing droplets with radii of 50 um were detected, In general,
there is a strong indication that most sodium chloride parti-
cles larger than 2 um are droplets, which maintain this state
even at relative humidities close to 50% (Fodzimek and Stamp-
fer, 1977). This statement is supported by a different slope

in the exponential (Junge's) size cistribution curve that was
found at particle radii larger than 2.0 um,

19
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4. Size Distribution of Marine Aerosols

The distribution of variously sized atmospheric aerosol
varticles is brought about by a complex process in which che-
mical or photochemical reactions influence the formation of
the embryonic particles, Further increase in the size of the
embryos by absorption and adsorption of water vapor molecules
leads tc the formation of cloud condensation nuclei which
form cloud drops under favorable environmeptal conditions,

At this stage, other processes, such as phoretic and electro-
static forces and coagulation, might be active and contribute
to the formation of vrecipitation elements,

The cloud physics apprcacn to the development of marine
aerosols is, however, not the only one, Atmosvheric optics
is another in which "dry" aerosols as well as “wet" are of
interest, ror this reason, knowledge of both active aerosol
(size~supercoturation spectrum) and normal size distribution is
in order, Both are based on the mode of aerosol generation and
on aerosol evolution and transformation,

Junge presented several papers (1952, 1953, 1956, 1963,
1971, 1972) in wvhich he analyzed the different processes thnat
shape the size distribution of marine aerosols, As early as
1952, he called attention to the hysteresis that occurs in the
growth curve of sea salt varticles during increasing or de-
creasing humidity, He also stressed at that time the importan-
ce of mixed nuclei and their anomalous behavicr at increasing
or decreasing humidities for the propagation of electromagne-
tic waves in a marine atmosphere, 3 simple calculation of the
extincticn coefficient in an aerosol containing ground layer
led to the conclusion that its value increasec more than two
and nalf times it the relative humidity rises from 60 to $5%
(Junge, 1952). An investigation of the shapes of the siz
distribution curves of aerosol narticles sampled over a conti-
nent and over an ocean led to his frecuently used density fun-

L 8 i i sl

o Ty e D T e T e e A e S S N KA A O A ST ROt L 5 RS 200 W 2000 S st R 2 T

YT ;

-~




PO Y e\ PIr L T v

T

st Frav | eyt ey

miari e t el

NS

e
b

LN

R,

ction and to the distint¢ti.n between continental and marine
aerosol size distribution curves (Junge, 1356). The steeper
slopes of the curves for samples taken over the c¢ontinent are
due to much higher counts of Aitken nuclei. Over the Atlantic
Oceen, one assumes that the background concentration of Aitken
nuclei is between 200 and 600 :m™> and around 700 cm~> for
locations heavily polluted by the nuclei from highly popula-
ted areas or from the Sahara., In general, the dust mineral
component over an ocean is mainly restricted to the range of
0.3 <r <20 um {1963, 1972).

Since 1963, many improvements on the s_.ze distribution
podel of marine aerosols formulated by Junge have been made by
him and his fellow workers as well as by cther investigators
(Jaenicke et al., 1971). The main difference be ‘een the old
model and the new size distribution curves is that the main
veak, which was assumed to he between 0,01 and O.1 um parti-
cle radius in continental aerosols, has been snifted tovards
the larger particles (r=0,2 um), The existence of large con-
centrations of very small particles was postulated by Junge
(1972) 2nd found by Jaenicke (1977). The lattor found very
high concentrations of Aitken nuclei with radii around 0,001
um and stressed their importance for the evolutionary dyna-
mics of the marine zerosol size spectrun. One gets the im=-
pression from this that more refined tecihnigues will: oe need-
ed to illuminate the important cuestion of narine aerosol
size distribution for particles with sizes smaller than 0,01
um, .

Another challenging subject concerns the general validity
of the Junge's power distribution law, It is my conclusion
that the r-> distribution is an approxination best realized
in polluted areas. One can expect large deviations in the
case of one »nredominant source such as sea svray. Metnieks
(1958) found that the exponent varied from 0,97 to 3,71 when
ne mezsured the sodium chloride varticles on the east and
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wvest coasts of Ireland. Larger deviations from the ideal va=~
lue of the exponent were also found by Podzimek (1973) and by

“he Texas seashore had been evaluated, Deviations from the
ideal vower distribution law can also be expla.ned by the diffe-
rent states of the sodium chloride solution cdrops and crystals
that depend on the mean size of particies, Large solution
drops have been observed even at relative humidities lower
than 50%, and it has been thought that the state of the ocean
yaves is responsible for the distortion of the size distribpu-
tion of sea salt particles (lioore, 1952; Moore and Mason, 1954),
¥ There is enough evidence (Junge, 1963; Jaenicke et al., 1971;
lészaros and Vissy, 1974) to show that sea salts strongly in-
fluence the shapes of aerosol size distribution curves mainly
in the particle radii range of O.4 to 1.0 um, This range is
. characterized by a decrease in slope of the size distribution
curve, The slope, however, depenés on several other factors,
which usually are not inclided in the simple Junge's fornmula,
such as wind speed and relative humidity, The first systema-
tic attenpt to include wind speed as an important parameter
was made by Lovett (1975). 4also, “Joodcock (1953) found sub-
stantial differences among size distribution curves of salt
particles neasured at different wind velocities,

Other density functions have been usecd to describe the
size distribution of salt particles., Podzimex (1967, 1973,
1974) used the Nukiyvama-Tanassava distribution function to
describe the measurements of giant salt nuclei, This function
represents a special case of the gamma distribution (Levin,
1958, 1961) in the form of

T T B

5
n(r) = A r® e”PF , (2)

in which i, B, and s are constants to be determined from the
measurenents. The best fit was found for s=0.5 or 0,33
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for particles larger than 1,0 um in radius, The distinction
between M"dry" and "wet" sea salt aerosols in the particle ra-
dius range of 2,0 um was apparent from the many samples taken
on a Texas seashore,

A wide application of formulas similar c¢o the Nukiyana-

PRy e & A ey e AR T e I T L PN - ale

Tanassava density function can be found in atmospheric optics.
Deirmencjian's models for haze, fog, and dust particles have
been used by Gal (1976) and by Vells et ale (1976). These

models include the influence of wind velocity - below 7 m/sec,
the sea aerosol distribution resembles that of continental aero-
sols - relative humidity, and change in aerosol densities with
altitude, The formula used by Wells et al, (1976) also includes
the mixing of a continental and marine aerosol in the form of :
Sc and Sy, which are exponential scale height factors for con-
tinenial and marine aerosol components;

dn _ _ -3 2 -BS®
@ = /_x,[cg Sc + xAg“ e 5 SM] . (3

R T B e

'wa.}r-x-c.-@n” r,..,..

| In this equation, €= r/F: F'is the relative growth factor of 1
a nucleus definea by the relationship F = FR.H./F8O for :
%, ReHe = 4j0%. In the relation, F = rR.H./rO’ rp g, and r, 3
% are the radii of nuclei at a specific relative humidity (R.H.)
? and at R,H, equal to.80%, This formal combination of Junge's

size distribution for continental aerosols with tThe Nukiyama-
Tanassava density function for merine aerosols is based on
the assumption that both aerosols do not interact. Also, the
aerosol] bearing air masses are assumed not to mix their water
vapor ccntents nor to change their size distribution curves
as a result of the change in air stability after the mixing.

) . In spite of these unsolved problems, a formal combination of

% different distributioa functions might be very useful for

: establishing some model situations. In a similar manner,

s multinocdal distributions of urban aerosols have been success=-
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fully applied in the vpast (Yhitby, 1974). However, the vali-
di.ty of corresponding models is strictly limited to the spe-
cific meteorological situation and aerosol comvosition,
Other studies include the logarithmic-normal particle
size distribution and Best's model (Levin, 1961), Barnhardt

T s FA 5«'...-4@?@» ez

f and Streete's model (197C), and the application of the so- %
é ‘ called self-vreserving varticle size distribution, The lat- ) %
. ter mechanism was described by Friedlander (1960), who assumed =)
: : that the upper end of the aerosol particle size distribution

; approaches a quasi-steady state into which matter enters by

i coagulation from the range of Aitken nuclei and from which

; it is lost by sedimentation at the same rate, This asympto-
tic distribution is completely determined by the particle
volume, total number of particles ver unit volume of the gas,
and the volume fraction of the dispersed phase (TFriedlander
and Hidy, 1969). An attempt to extend the applicability of
this distribution to processes including condensation was
made by Pich et al. (1970), The problems arising from a ge-
neral application of the self-preserving mechanism to the
formation of an atmospheric aerosol were discussed by Junge
(1969). He concluded that the observed tendency for atmosphe-
ric aerosols to form a guasi~constant, log-volume distribution
nay simply’be the result of statistics that include the many
sources of tropospheric continental aerosols. For this reason,
one should investigate the applicability of the self-preser-
ving aerosol size distribution for a typical marine aerosol
that is different from an aerosol in a highly polluted area,
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5. Supersaturation Spectrum of Cloud Condengation Nuclei

One of the most important varameters, which determines
the fornmation of naze or clouds, is the supersaturation spec- ;
3 . . i
trum ol cloud cond2nsation nuclei (CCH), Since 1959 jhen
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Twonzy derived from the number of activated nuclei an appro-
ximate formula for droplet formation (characterized by a cor-
respoiacding supersaturation} in an updraft, several attempts
have been made to make systematic measurements of concentra-
tions of CCH at different supersaturations and geographical
sites and during a variety of meteorological situations, liany
of these measurements were summarizecd by Braham in 1976.
Twomey in 1959 and Squires and Twomey in the same year point-
ed¢ out the fact that there is a remarkable difference between
narine and continental cloud nuclei,

during the second International ‘lorkshop on Condensation
an¢ Ice Nuclei, a survey of the different tyves of instruments
used for CCH measurements was presented and in the firal re-
port Grant (1971) summarizes some measurements, which enable
one to malke a rough comparison of individual counters, In ge-
neral, this comparison demonstrates the usefulness of the
measureneuts in the supersaturation range of 0,2 to 1.5%, but
large discrepancies were found among individual counters
based primarily on the thermal gradient diffusion chanber
near the lower limit of supersaturation (0.2%). The upper
limit, of course, is determined by the time recguirec¢ for the
establishment of a steady state supersaturation profile in
the thermal gradient diffusion chamber,

Hopvel anc ‘lojciechowski (1976) vresented an interesting
analysis of the orocesses that cccur in thermal gradient dif-
fusion chambers, It appears that there are some parameters
tnat might play an important role in CCH counting, such as
the chamber's environmental humidity, the nature and concen-
tration of the aerosol, and the timing of the camera exvosu-~
re used to record the rate of fall of drops in the chember
at a snecific supersaturation, Instantaneous photographic
recording does not seem to give an adecuate account of a
nucleation rrocess cheracterized by a low condensation coeffi-
cient value, In snite of the recent fincings of high values
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for the condensation coefficient of atmospheric zerosol par-
ticles (Heizvestnyi, 1974), this photographic deficiency might
lead tu a shift in the CCil supersaturation curves, & disturbp-
ing feature of using instantaneous recordings for counting is
the absence of a well cCefined vlateau, This incdicates that not
all nuclei activated at a certain supersaturation are counted,

On the other hand, the thermal gradient diffusion chamber
was an improvement over the existing methods used for investi-
sating the microstructure of clouds, It was a useful tool for
gathering valuable data on nuclei supersaturation spectra over
wide arr~as vhen flovn on board an aircraft, The measurements
of nuclei activity could be made in the important and very
sensitive domain of supersaturation that corresponds tc the
region of cummulus cloud formation., In this way, one was able
to obtain a victure of the main characteristics of active nuc-
lei over voth the ocean and mainland (Twomey and %Jojciechowski,
1969; Radke and Turner, 1972; Hobbs et al.,, 1976; Hindman et
aley, 1977).

The parameters C and k that figure in tne Twomey rela-
tionship, n=C.Sk, for the number of nuclei, n, activated at
supersaturation, S, have been measured by different investiga-
tors at different locations. They were compared by Braham in
1976, out a simple interpretation of the data is impossible,
Host of the measurements that have been made over the ocean
are characterized by low values of the parameter C ( C<800
cm‘3). Most of these measurements have k-values of around
0.55, except for one series of measurements made by Hoppel
et al. (1973) over the Pacific, These showed the highest va-
lue of k (1.2). 411 measurements made over the mainland are
featured by k-values ranging from 0,3 to 1,0, and the values
for the concentration parameter, C, are between 600 and 3000
cm‘3. The comparability of the data is in general poor, be-
cause, excext for the updraft velocity, the authors do not
aescribe the environmental parameters in detail, and some of
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them do not mention the exact procedure of counting, Johnson

(1976) showed clearly how difficult it is to obtain a clear 3

picture of the available data. In general, the change in the i

_ nunber of activated nuclei depends directly on the change in

§ ; C or on the updraft velocity, U, and the importance of varia-

: tions in U increases with the increasing value of k., The ce-

pendence of C and k on the assumed size distribution function

was the subject of a study made by Podzimek and Saad in 1974,
Other interesting features pertaining to the measurement

of CCN activity are discussed in a book by Sedunov (1972, pp.

70-93), and the problems related to the relaxation time of

the growth of giant salt nuclei are to be found in a paper

prepared by Carstens et al, (1974)., According to these simple

models, the growth process of sea salt giant nuclei lasts for

hundreds of seconds at relative humidities close to saturation

if one assumes the value of the condensation coefficient p =

0,036, This means that not all giant or ultragiant nuclei im-

portant in cloud forming processes would be detected in »

counter due to their slow growth rate, However, some doubt

has been recently expressec about the importance of giant chlo-

ride nuclei for cloud formation, mainly in subtropical und tru-

pical regions (Yoodcock et al,, 1971; Takahashi, 1976; Yindman

et al,, 1977). This fact contradicts to the former studies of

precipitation mechanism above the ocean by Findeisr - (1944),

E t which was supported by observations over the iorth ..tlantic

i {Schulz, 1947).

i An apparent discrepancy between the theorr of CCN growth

¢ aad the measurements hos arisen since the time or the Second

International Worikshop on Condensation and Ice Nuclei, wh~n

it was found that the radii of salt particles nuclesat+, wa-~

\ ter are larger than those predicted by theory (“rant, L1971},

; Later, Katz and Kocmond (1973) found tha* thi. discrepancy i ge

; amounts to a factor of two or three ancd explainec it as : f

being caused by contamination, The issue of crat-~uination

by organic and other substances ap-cars several .imes in the
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history of cloud physics (Pueschel et al., 1969; ‘Winkler and
Junge, 1971; Blanchard, 1971; Podzimek and Saad, 1975). The
careful experiments of Gerber et al.,(1977) with nexurly mono-
disperse particles of NaCl and (NHq)asO4 show, however, that
the supersaturation-particle radius curve deduced from their
experiments follows the theoretical curve very well,

The need for reliable measurements in the domain of su-
persaturations very close to 10C% R.H. led to a search for a
simple counter devoid of all proolems ~ommon to thermal gra-
dient diffusion chambers, Laktionov (1972) based his chamber

on an assumption of a relationshio between the critical super-

saturation and tne nuclei radius at 100% R.H. This, however,
posed sevaral questions, such as the reliability of these
measurements in rolluted areas or irn the regions containing
mixed marine nuclei (Alofs and FPoc¢zimek, 1974). Later, a de-
tailed calculation by Hoppel and ©itzgerald (1975) showed
that there is a unique relationship between the eguilibrium
particle radius at saturation and the critical supersatura-
tion, This relationship is almost independent of the fraction
of soluble materl ? in the nucleus provided that the particle
contains more than 1% of soluble material by weight. It seems
that this can vrovide one with a new effective instrument,
the real value of vhich has to be checked in the near future,

. .sibility and Optical Properties of Marine Aerosols

The optical vroperties of marine aerosols offer investi-
gators a2 unique way to predict the propagation of electromag-

netic waves under different environmental conditions, They

2lso make it possible to use optical measurements to determi-
ne the composition of merine aerosols, The former application
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is related to the very important question of visibility in

hazy atmospheres, the latter helps to solve important pro-

blems in cloud physics (dispersion of fog) and in atmosphe=-
ric chenistry,

The physical state of a marine aerosol is a result of
several parameters that affect its generation and evolution,
such as compcsition, size distribution, relative humidity,
vind speed, air stability, and air mass trajectory, Several
other parame’ers might be effective under specific conditi-
ons, such as the presence of organic materials, inactive
dust, and solar radiation, Also, the color of the target
might be an important factor in visibility measurements
(Horvath and Presle, 1975).

Recently presented theoretical models that describe the
propagation of optical signals in a marine atmosphere assume
that the aerosol size distribution evolves from an initial
distribution, which is gradually affected by relative humidi-~
ty. The sesttling and transport of particulates in the turbu-
lent bounder layer, and the changing intensity of their
source, The source intensity and the transport of particula-
tes is governed by wind velocity. Such a model was assumed
by Viells et al, (1976), who in addition postulated a typical
initial size distribution for continental and marine aerosols
and the mixing of both air masses in the ratio of 1l:2,5 as
was stated earlier, This assumption corresponds to the model
for calculation of the scattering coefficient in the infrared
domain that was applied by Barnhe;.dt and Streete (1970).

Fitzgerald's model (1975, 1976) deals in great detail
with the dependence of the aerosol size on variations of the
environmental humidity (Fitzgerald, 1975) and assumes that
in a chemically homogeneous aerosol (NaCl) a one~to-one cor-
respondence exists between the radius of a "wet" particle
and its “dry" radius, His main premise in calculating the
scattering coefficient is that due to the knovn hysteresis
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in the behavior of a sea salt (WaCl) aerosol during increas-
ing humidities one can assume that the sea salt nuclei exist

as solution droplets in the boundary layer close to the ocean's

surface, This assumption, however, recuires a more detailed

o A

investigation, because there is some evidence that only large
sea salt nuclei exist in a ligquid state (Podzimek, 1977,
Fitzgerald!s model for the case of totally soluble sodium
chloride particles shows that the visibility can decrease

by a factor of 50 as the relative humidity increases from

50 to 1CD%. A comparison of the calculated visibilities with
the measured ones in an advection fog off the coast of Nova

Scottia in 1975 led to a good agreement between the theory
and observation,

One of the nost important parameters used in calculating

the visibility range is the index of refraction, Its complex
nature is usually reduced only to the real part when one
deals with visible light (Fitzgerald, 1976), but the imagi-
nary part, which corresponds to the absorption of radiation,
can rlay an important role in the propagation of infrared
radiation.

Several papers deal with the propagation of electromag-
netic waves in fog and haze (Foitzig, 1938; Volz, 1954, 1956;
Bullrich, 1960; Radke and Hobbs, 1969; Fischer, 1970),
Foitzig!s article contains notes on the influence of aerosol
particles that grow at different relative humidities., Also,
he calls attention to the investigation of the sudden change
that takes place in visibility just prior to the onset of a
fog. Interesting observations of the dependence of the extinc-
tion coefficient upon the wave length and the aerosol concen-
tration were made by Middleton (1935). His book, "Vision
Through the Atmosphere', (Middleton, 1952) like many other
textbooks on atmospheric optics contains a paragraph dealing

with the effect of atmosperic aerosols on visibility and its
measurement,
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Much attention has been paid recently to the propagation
of infrared waves through an atmosphere containing aerosol
particles, Irving and Pollack (1968), Remsberg (1971), and
Volz (1972) investigated the absorption of infrared light
by atmospheric aerosols, Volz collected rain residue samples
from different geographical latitudes and locations ané after
mecasuring their optical parameters concluded that the water
colube substance is independent of the climeti: zore. Greater
attention to the optical features of the samples might provi-
de more insight concerning particle deposition on rain drop-
lets, The real part of the refractive index of similar sam=-
ples was calculated by Volz (1972 b) from the specular reflec-
tance at near normal incidence of disks of a pure aeroscl sub-
stance, His results, wien combined with the absorptive part,
enabled him to calculate total refractive index, The principal
finding is that the extinction of a natural aerosol should

have a nminimum around the 8 um wavelength followed by a strong-
ly expressed maximum near 9 um, This corresponds to an increase
in extinction by a factor of three, Volz (1972 b) also analyzed

the potential influence of a composite aerosol and of the pre-

sence of water absorbed in the samples. Several other articles,

published during the last decade deal with the infrared opti-
cal constants of aguaeous solutions of electrolytes and of wa-
ter (Querry, 1972; Hale and Tuerry, 1973; Tuerry et al,, 1974;
Rhine et al,, 1974 a and b), They constitite % useful basis
for investigating the ligquid phase of marine aerosols.

All the aforesaid notes on the role of marine aerosols
in the provagation of optical signals stress the importance
of a knowvledge of how the relative humidity affects the physi-
cal. and chemical parameters of the soluble and insoluble par-
ticles. Attempts to establish a model and te calculate the vi-
sual range in fog and haze have been made oy several authors
(Dickson 2nd Hales, 1963; Kasven, 1969; Hdnel, 1971, 1972).
Particular attention has also been paid to the initial stage
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of fog and haze when the most active part of an atmospheric
aerosol begins to be involved (HHnel, 1968, 1972; Prishivalko
and Astafyeva, 1974). Zuyev et al, (1973) presented an analy-
sis of the results of simultaneous optical and microphyesical
neasurencnts in the boundary layer. This led to the model of ’
the complex refractive index of an atmospheric aerosol, The
mocdel included the physical and chemical properties of a tro- . ‘
vospheric aerosol and assumed a specific size distribution ;
for the particulates,

In a survey article, uMnel (1976) summarized the main
: results of his and his fellow-workers investigation into the
: optical properties of atmospheric aerosol particles as func-
tions of relative humidity. Special ecuipment and vrocecdures
vere used to obtain the necessary information on volume, mean
density, and mean complex refractive index, The optical para-
} neters of the salt aerosol particles gradually approached
those of water drops during increasing relative humidities,
In the case of decreasing relative humidities, the hysteresis
of a salt aerosol was effective around 75% R.H. {V2ll, 1942;
Winkler, 1969). The behavicr of s2lt particles in the region
of hysteresis depends not only on the physical and chemical
properties of the particles but also on their history, e.g.,
dwelling in the environment with high or low humidity (lHnel, ,
1972). The theory and technicues developed in the laboratory
vere applied to the measurement of the volume, density, and
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complex refractive index of aerosol particles collected in
the Atlantic and subjected to different relative humidities
(Fischer and H#nel, 1972)., Generally, the values of the real
part of the index of refraction varied hetween 1,55 and 1,35
and of the imaginary part from 0,047 to 0,003 for A = 0,589
um, when the relative humidity gradually increased from 20
‘ to 96%. A useful discussion of the importance of thne imagi-
nary part of the index of refraction (absorption) for visi-
ble light has teen presented by Fischer (1970, 1976). He
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concluded that under normal atmospheric conditions neglect
of the absorption part in the complex index of refraction
is justified, The same group of investigators later sugges-
ted (Hdnel and Dlugi, 1976) a simplified procedure for cal-
culating the part of the index of refraction that corresponds
to the absorption in a contaminated atmosphere, This method
produces results that do not deviate more than *40% from the
exact formula for wavelengths between 0,3 and 2,5 um and 9,25
to 12 um if one assumes that the range of relative humidities
is between O and 95%.

One observes in all treatises the very important roles
thet are played by the droplet growth model (Goroch, 19%8)
and the evolutionary dynamics of the drop sizz spectrum in
the deduction of optical parameters of marine aerosols., In
many cases, just a steady state would lead to useful results
(Fitzgerald, 1976), but one feels that the closer the measu~
rements are made to sea level, the nore one will need to know
about the dynamics of the sources and sinks of particulates
and the interaction with the ocean's surface,

7. Conclusion

In glancing over the subjects and text covered by this
survey of marine aerosol advances, I see the broadness of the
field and the shallow profile of some of my literary notes,
This is the risk that the author of any survey takes upon
himself, but I wished to make a survey during a six-mcanth
period that would call attention to all principal factors
related to the heavily investigated field of marine aeroscls,
and I intentionally wanted to cite some vapers, articles,
ané revorts that are not frequently referred to in the
United States., I regret if some of my notes are not useful
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to an investigator working in his own narrov field of profes-

sional activity, on the other hand I will be very nappy if so-

me of the guotations and notes prove to be of use to my
frisnds and colleagues., I hope To be able in the future to
complete this survey and to improve its narrative,

My impression is that great progress has been made du-
ring the last decades in investigations of the physical and
chemical properties of aerosol particles in the range of ra-
dij. between 0,05 to 5.0 um, This progress is, in my opinion,
due to the involvement of many highly qualified investigators
whe possess a thorough knowledge of the physics of aerosols,
chemistry, meteorology, and oceanography. The improvement of
old measuring techniques, the application of new technology
in instrument design, and, the automatization of the measure-
ments have revolutionized the research of marine aseroscls,
There is anrn indication that some phases of marine aerosol re-
search will develop more in the future because of their scien
tific or practical importance,

In Aitken nuclei research, attention wiil be paid itc the
evolution of the size distribution spectra of nuciei and to
the dynamics cf the their transition from embryos to large
particles, Some investigators might try to respond to the
question of the source of Aitken nuclei over the ocean, which
maintains the balance between deposited nuclei end those re-
moved from the atmcsphere. Investigations of the chemistry of
small and ultrafine particulates will continue to probe the
sources of sulfates abrve the surface of the seas, the poten-
tial existence of droplets ot HCl, and the possible roles
played by gaseous chlorinu and some important organic mate-
risls (surface active substances) and metals. A very impor-
tant question remains to be answered about the dynamics of

Ajitken nuclei formation during haze or cloud formation and
dissipation,

iant and ultragiant particles will be probably investi-

| 34

o' Aman e = g2rs

T - T T e R
h RN - I ey RS ~ - o ¥ |
I R R B s st B e MG Y

1
w'

gt

P

b

w"‘

Ahmg fiw

. s ——

s . i A e A e L
mmﬁmm.&m&:mmnfmwm.m‘.amummmmmumﬂwmmm.mmm&m:mmx..@.mmm-nhmm Dfiess

. -

LR
W@ﬁﬁﬁm‘smﬂ&mmwmiﬁh:ﬁmmmmnma:,.:.m»mmmms‘mﬁummmmm. e T

o b e o
o



" == P
,.w,w;p‘-@h = e - & — = o -

L e ————.

&iﬂ
:

3 “

3

L

.

¥h g el

TlF et

gate¢ for their still insufficiently Xnown part in stimulat-
ing spvecial kinds of precipitation mechanisms over the ocean
in the nmiddle latitucdes and for their impact on agricultural
soil and their role in the degracation of materiazls. For the
purpose of mocdeling the propagation of orntical signals in
rarine atmosvheres, it seems to be very important to know

T e KA A AR TR e

hew the large nuclei grow into giant particles, and mz2inly,
what vpart of the size spectrum czn be considerea as lisuid
R drops and vhat remains in the solid (crystalline) state un-
der specific environmental conditions, There is a need for
a nore definite model t¢ explain the dependence of a parti-
cle's growth on relative humidity, wind velocity, and state
of the sea surface, In general, vne might ask what is the
comoined role of ultragiant particles and sea water droplets
that are svrayed above the ocean's surfzr2, ilthough small
in nunber, together they have a pronounced influence on the
propagation of siznals in the visible and infrared domain
of wavelengths, for this purpose, the application of modern
technigues, such as counters based on light scattering and
flame photometry and X-ray spectrum energy analyzers, in
combination with classical sensitized layers, such as the
Liesegang circle technicue, could be very useful for deter-
mining the nature, size distribution, and time variability
of giant and uliragiant vparti‘cles,
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The above remearks are made only in relation to the sub-
ject and aims of this survey, They cann¢t refiect the great
variety of cuestions important to environmental studies,

aerobiology, and the pany other fields concerned with mari-
3 ne aerosols,
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Figures

Aitken Nuclei Concentrations - isolines in 103 cm~3
Number Concentration of Giant Sea-Salt Particles of the Salt
Mass Ranging from 10<11-5 {5 10-8 g. June-August, (Toba, 1965)
Number Concentration of Giant Sea-Salt Particles of the Salt

Mass Ranging from 10"11‘5 to 10-8 g. December-~February.
(Toba, 1965)

Sites of Marine Aerosol Measurements, Large and Giant Parti-
culates,
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.Division of Subjects in List of References

rayTEG st SERTEN T AR
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1 _Physical and Chemical Proverties of Marine Aerosol:

Concentration

Size distribution

Shane

Convposition

.ctivit;r in cloud forming processes
Flectrical (charge) vroperties
Properties of mixed nuclei
Surfactants - organic substances
Theoretical models of nuclei growth
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2 Farine Aerosol Generation

AT

rt paSrrn

1 Origin of Aitken nuclei

2 Origin of large and giant nuclei

3 Salt nuclei generation

4L Pollutants over the ocean

2 Salt nuclei measurement over the ocean
7

8

9

Peweimrt AR

Continental dust over the ocean

Vertical distribution of salt nuclei and pollutants
Organic material in the marine atmosphere
Correlation with the state of the sea
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2
2
2
: 2
; 2
‘ 2
2
2
2
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3 Effect of Marine Aerosol on Optical Signals

)

2 3,1 Interaction of light with marine aerosol
& 3,2 Scattering by particles with a
= 3,3 Absorption of the visgible radiative energy
g 3.4 Absorption of the infrered radiative energy
¢ 3.5 Index of refraction of marine aerosol
; %.6 Visibility

o7

Influence of the inhomogeneity jin aerosol distribution

4 Geographical Distribution of Marine Aerosol

; k.1 Distribution of Aitken nuclei

! L,2 Distribution of large and giant nuclei e
4,3 Chemical composition of rain water

: Loy

Distrivution of optical properties of marine aerosol

: 5 Measuring Technigues for Marine Aerosol

5.1 Concentration and size distribution of Aitken nuclei




lnertial deposition and filtering
Zlectrostatic precipitation

Thermal precipitation

Aerosol centrifuge

Thermal gradient CCN counter, Laktionov chamber
Light scattering counter

Flame photometer

Acoustical counter

X-ray spectral energy analysis
Calibration of AN counters

Calibration of CCN counters

Spot test methods

Particle diffusion

Aerosol particle evaluation technigues
Particle sedimentation
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Abe, T,, 1954

A study on the foaming of sea water, On the mechanism
of the decay of bubbles and their size distribution in

foam layer of sea water. Papers in Meteor, and Geophys.
Japan, 5: 240-247

Considering the decay of foam layer of sea water, the
concept of "activation energy" is introduced, This in-
creases with increasing concentration of salt (in sea
water) up to a certain maximum, and then decreases with
further increase of concentration.Disscusged are the si-
ze distribution of sea bubbles, The calculated values
are in fair agreement with experiments, Statistics of
the bubble counting is described in details,

2.9

Abe, T., 1955

A study on the foaming of sea water. A note on the ana-
logy between the coagulation process of colloidal parti-
cles and that of bubbles in foam layer of sea water,
Papers in Meteor, and Geophys. Japan, 6: 56-62

The author treats the coagulation process of bubbles in
foam layer of seawater, He applies the equations for co-
agulation process of colloidzl particles for the coagu-

lation process of bubbles, Maximum size of bubbles is
determined,

249

Abe, T,, 1955

A study on the foaming of seawater., A tentative analysis
of wind-wave data in view of the foaming seawater,
Papems in Meteor. and Geophys.,Japan, 6: 2, 164-171

Relationship between the intensity of the foaming of
seawater and of wave pattern which depends mainly on
wvind velocity s investigated, The author points out

the main processes leading to foam formation and its
stability,

2.9 45
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Aitken, J., 1880

On dust, fogs and clouds, Proc.Roy.Soc,.,Edinburgh,
29: 14-18

and 30 (188l) : 337-368,
Further comments Feb, 3, 1881, ppe. 311=-312
and Feb, 24, pp. 384-385

Describes experiments with two large glass containers ;
one filled with ordinary air, the other with carefully
filtered air, After the steam was let into both con.ui-
ners, in that filled with polluted air claudiness
appeared, Concludes that fog and cloud are formed on
dusts as condensation nuclei and that effective con-
densation nuclei can be formed by burning of common
salt, or sulfur in fire or in alcohol flame,

1.1 - 2.1
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; Aitken, Je 9 1888-1889

On improvements in the apparatus for counting the dust par- ;

ticles in the atmospnere, Proc.Roy.Soc, Edinburgh, 16:
135 - 172

Apparatus comprises: test receiver

air pump, measuring :
apparatus, illuminating arrangemen%, and gasometer, Des- ' 4
cribes purpose and function of each component, The author :

presents tabulation of the results obtained in rooms, and
in open air at various geographical locations,
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Aitken, J., 1890-1891 )
On a simple pocket dust counter, Proc,.Roy.Soc.Edinburg, 18:

39-52

‘ The author discusses an improved model comp_rising a pump

with which a definite volume of air can be aspirated trough
‘ a receiver, a stage in the receiver having a graduated
screen on which the particles can be counted with the aid
of a microscope or strong magnifier lens.
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Aitken,J, 1890, 1891

On a method of observing and counting the number of water
particles in a fog., Proc.Roy.Soc.Edinburgh, 18: 259-262

Haze, fog, mist and rain are successive developments of
the same meteorological process, The author describes a
modification of a "pocket dust counter" (described alrea-
dy in 1890), Number of drops ghich fell per_minute in the
counter varied between 300/c¢cm”? and 3,000/cm”,

5.1

Aitken’ Je 9 1891

On the solid and liquid particles in clouds, Nature,
Lh: 279

The author describegf observation on Rigi mountain where
he found that clouded air contained more dust particles
than the air outside of the cloud, He made measurements
with the fog counter and investigated the formation and

evaporation of droplets,

261

R0 Sy e X g e v

Aitken, J.,, 1892

On some phenomena connected with cloudy condensation,

Proc.Roy.Soc.London, 51: 408-439;
also Smithsonisn Inst, Ann. Rep. 1893, 201 - 230

Cloudy condensation is produced when a Jet of steam
mixes with ordinary air, by electrifical charging of
dust nuclei and by low temperature of air, Discussed
are: Color phenomena connected with cloudy condensa-
tion and color of steam jets are depicted, Describes
also dust counting coniscope for measuring dust con-
tent of air,
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Aitken, J., 1911, 1912

The sun as a fog producer, Proc.Royal Soc. Edinburgh,
32: 183-215

Sun also can produce fog during sunrise under favorable
meteorological conditions, The author describes an appa=-
ratus for testing foggy air. Possible causes of fog for-
mation are : radioactivity, electricity, gaszs which act
on SO ( NHz, Hz0,, O3z) products of combustion of coal

and o puriéled gases. The author concludes that the

problem of how the sun~ fogs are produced is not yet
cleared,

201

Aitken, J., 1916

On some nuclei of cloudy condensation, Proc.Roy.Soc.
Edinburgh, 37: 215-245

Some nuclei can codense water vapor when the air is
unsaturated, owing to hygroscopic nature of the mate~
rial, Elaborate apparatus is illustrated and described,
Treats: electricity and nuclei; spark discharge; ef-
fects of sulfuric acid and light; electric discharge;

nuclei produced by heat and chemical action; sources’
and nature of nuclei,

Aitken, J., 1923

" Collection of Scientific Papers ", Cambridge Univ,
Press, London & New York, 592pp.

Collection of articles by J, Aitken contains descrip-
tions of experiments and many thoughts of the author

of the v pocket counter * about the importance of the
measur-ment of small particulates,

1o1 = 241 =~ 5,1 . 48




Albrecht, J., 1958

Methoden zum Nachweis von Microorganismen in Aerosol-
form, Zeitschr, Aerosol,-Forsch., und Therapie,?: 50-61

Determines the existence, number, and viability of
small living organisms (virus, germs, bacteria, algae,
molds, fungi, protozoa), For investigating these in

the natural state several requirements which are brief.

ly described must be fulfilled, Recommended sampling
methods are also discussed,

1.1 had 1’5

Alexandrov, E.L, 1967

O ponizhenii davlenia parov vody nad rastvorami gigrosko-
picheskikh veschestv, Tr. Instituta prikl.geofiz,,9:77-82

A correction term for the presence of hygroscopic substan-
ce NaCl in a nucleus is suggested in the form which inclu-
des the radius of dry nucleus, the radius of a solubtle
part of a nucleus and two empirical constants which have
to be determined from measurements,

1.9 - 105

o m——— - -

Alexandrov,E.,L., and NeV.Klepikova, 1671

Deformatsia spectra iader kondensatsii pri obvodnenii i

otsenka ee vliania na vidimost'!, Tr, Instituta eksper, me-
teorol,, 20: 84-89

The authors investigated the behavior of the atmospheric
aerosol and checked the suitability of the parameters go-
verning the growth of individual particles, Using tne data
by Lee and Patterson they found a parameter o= % which d¢-
scribes the behavior of nuclei at higher relative humidi-
ties (Levin and Sedunov, 1966). Finally, they studied the

influence of the growing hygroscopic particles on the vi-
sibility,.

306 = 1.2 | 49
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Alexandrov,E.L,,N.V.Klepikova,Yu,S,Sedunov, 1975

0 viianii parametrovy iader kondensatsii na process oblako-
obrazovania, Proc, 8th Int.Conf.on Nucleation, Leningrad,
1973, Gidrometeoizdat, Moscow, 416-424

The evolution of cloud droplet spectrum is celculated aad
based on the following assumptions: Steady updraft, field
homogeneity, exponential density function of the size di-
stribution of sodium chloride nuclei, The calculations co-
vered a 15 minute period when most of the clcoud microstru-
cture is shaping, Maximum supersaturation (between 0.05 to
0.5%) level fluctuated from 5 to 25 m above the condensa-
tion ievels,

109 - 105

Alexandrov,e£,L., A.F.Kovalev, and N,P,Yasevitch, 1977

Altitude and time dependent variability of the natural at-
mospheric aerosol characteristics, Vol,of Abstr, 9th Int,
Conf, on Atmos, Aerosols, Cond., and Ice Nuclei, Galway, 67

Measureuent of the total and soluble mass of aeroscl and
light scattering were performed on the 300 m towe: near
Obninsk. In mean, the concentration of aeroscl dscreases
with altitude (at 300 m level 0,3 to U,/ of tae concentra-
tion at 1 m above the ground). The ratio o/ «erosnl scat-
tering coefficient and we% ht conceriralicn varies in wide
ranges (from 0.4 to 2.6 nm 53). Dur’ag stavle stratifica-
tion Junge's exponent is close tc¢ 4 and duiing unstabdble 2,

lol{’ - 302

J

Alexandrov,E.L., and N.P.,Yasevitch, 1975

Opredelenie vesovol kontsentratsii atmosfernykh aerozolei
i soderzhania v nikh rastvorimykh veschestv, Proc,of 8th
Int.Conf.on Nucleation, Leningrad, 1973, Gidrometeoizdat,
Moscow, 454-461

Filter samples were taken in the daytime on the measuring
tower at Obninsk at altitudes 2m and 300m above the
ground.The aerosol mass concentration was calculated from
the filter weight increase, The filter was washed twice
with desstilled water and conductivity indicated the water
soluble part of the aerosol, The mass concentration vari-
ability was very high, unlike that of the water solubleé sut-
stancc, The lattsr does not change much with the altitude,
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Allee, P,A., 1974

Atmospheric particulate concentrations measured over the

Atlantic Ocean during the 1969 Bomex experiment,
Je Rech, Atmos, 8: 947-955

The measurement of AN and CCN concentration was made
together with ice nuciei in the vicinity of Barbados
Island during the 1969 Bomex expedition,Results: Up to
an altitude o7 3,7 km AN congentrations varied within
200 and 350 pagticles per cm”’, CCN varied from a

fprox.
100 to 200 cm and IN varied from 9,1 to 0,2 1=+, The

AN and CCN concentrations were correlated stronger in
the layer between 1.2 and 3,0 km, than below and above,

~

2.1 )

Aliverti, G, and G, Lovera, 1939

I fenomeni meteorologici sull' oceano e il campo ele‘-

trico terrestre, Atti Reale Acad, Sci, di Torino, 74:
573-59C

The authors describe among other subjects an experi-
ment based on bubbling the air through sea water or
sodium chloridg solgtion. They found nucleus concen-
trations of 107 c¢cm~2 or higher in the air above the
solution, The bubble spectrum - and not the amount

of passing air - is the important factor in determining
the nucleus formation on the surface,

1.]. - 2.1.

Aliverti, G,, and G, Lovera, 1950

Sui nuclei di condensazione di origine maritima,
Geofis, Purae Applic. 16: 133%-135

Survey about the work by Junge and Koehler, Discusses
different instruments: Aitken and Owens counters, Zeiss
Konimeter, Dessens method of using spider webs for col-
lecting salt particles, Also artificial condensation
nuclei generated by cooking, boiling of liquids, and
processes in which bubbling occurs are mentloned as a
potential source of salt nuclel in the atmosphere.

51
‘.1 - 2.1 -~ 5.1
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Alofs, DeJ., and J, Podzimek, 1974

A review of Laktionov's isothermal cloud nucleus counter
Je ™1 ,Meteorl, 13: 511-512 : onnters

The psinciples of the counter measuring the size of water
droplets formed at 100% relative humidity are described
and the general validity of the simple relationship bet-
tween a droplet size and the critical supersaturation of
a nucleus discussed, A combination of the thermal diffu-
sion chamber with Laktionov's counter is suggested,

e AT e . e -

5¢6

Andreev, B,G., 1970

Polnyi spektr chastic iestestvennykh aerozolei i otsenka
| doli aktivnykh iader kondensatsii, V sbor., "Tr. VIII Vses,
; konfer, po fizike oblakov i aktivn, vozdeistviam', Lenin-
grad, Gidrometeoizdat, 93~100

The measurements of the total spectrum of the atmospheric
aercsol led to higher values than those predicted by Jun-
ge. In mean the values up to 6 were found,.

1.2 -~ 1,5

Andren, A,W,, and R.C, Harriss, 1971

Anomalies in the size distribution of magnesium, calci--

um and sodium in marine aerosols, J, Appl.Meteor, 10:
1349~1350

Cl, Br, I have distinct ratios in marine atmosphere for
different particle size ranges and there are also some
different characteristics between continental and marine
aerosol. Using six-stage Andersen Air Sampler shipboard
sampling was performed around Bahamas and Florida, Sam-
ples were taken also on a meteorological tower above the
tree canopy in the Luquillo rain Forest, Puerto Rico,

The element ratios from the atomic absoption measurements
were: Ca/Na 0,17-0.4, Mg/Na 0,05-0,10, €a/Mg 2,6-3.2

1014‘ - ’+.2 ‘ 52
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Atherton, E,, and R.H.,Peters, 1955
Some aspects of light scattering from polydisperse systems
of epherical particles., prit.J.Appl.Phys. L 344-349

Discussed are Debye'!s theory of light scattering and its
application to polydisperse systems, Three measurements are
possible: dissymmetry ratio, turbidity and dgpen@encg of
turbidity on wavelength, By assuming model dlstylbut}on
functions, we can calculate the dissymmetry ratio which
leads to a value close to the weight average., The vave-
length dependence of turbidity gives a diameter close to
the mean of the distribution,

362 - 3.6

Atherton,E., and R.H,Peters, 1953

Light scattering measurements on polydisperse systems of
spherical narticles, Brit.J.Appl.Phys. L: 3%66-369

Theoretical findings published previously are applied %o
some commercially produced particles.Two examples are pre-
sented how to obtain size distribution of particulates
from the measurement of dissymmetry ratio, turbidity and
cependence of turbidity on the wavelength of the light,

3.2 - 3.6
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Aubert, J., 1974

Les aerosols marins, vecteurs de microorganismes,
JeRech,Atmos. 8: 541-554

Studies realized on the basis of "in situ' measuremeunts
that in seaslore polluted areas is an abundance of ter-
restrial bacteria (mainly coliforms), In offshore areas,
the abundance of marine microorganisms was found, There
was a difference, however, between aerosols collected

over intercontinental seas (like Mediterranean Sea) and
over Atlantic Ocean, Experimencs "in vitro" showed the

presence of some antibiotic substances of sea-water in
the marine aerosol,

2.8 .
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Bahethi, O,P,, and R,S,Fraser, 1977

Comparison of results obtained by solving the radiative

transfer equation with an iterative method and a spherical
harmonics method, J.Atmos,Sci., 3/4: 553-556

Light scattered by a model atmosphere is computed by a
spherical harmonics approximation and by an iterative me-
thod of solving the radiative transfer egquation, Both me-
thods are compared, The large differences found by other
authors in the net fluxes and intensities for the two me-
thods are considerably reduced, In the Mie atmosphere
Deirmendjlan's particle size distribution with a particle
index of refraction m=1,5 and A=0,777 um were used,

—

361

Baier,R.E.,D.W,Goupil,S,Perlmutter, and R.King, 1974

Dominant chemical composition of sea~surface f{ilms,natu-
ral slicks and foams, J.Rech,Atmos, 8: 571-600

The analyses of thousands of samples taken in seas, the
Great Lakes, rivers and lakes in Northeastern USA were
performed by a nondestructive analytical procedure, ca-
abls to detect films as thin as monomoiecular layer
?10* cm), The investigation led to the conclusion that
ambient air/water interface are usually coated with
films of glycoproteins and proteoglycans. ranging in
thickness from 100 to 300 8, negatively charged and ex~

hibit%ng moderate surface free energies (about 35 dynes,
oCM™% ),

2.8 - 1.8

Barnhardt,=,&,, and J.L, Streete, 1970

. method of predicting atmospheric aerosol scattering coef-
ficients in the infrared, - ppl.Cptics, 9: 1337-1344

1 method predicting scattering coefficients in the atmos-
pheric windowrs from 1.0 to 15.0 um is suggested. The methos
avolds the assumption that the +index of refraction and the
aerosol distribution are constant., \ two-comporent conti-
nental'gnd maritime aerosol is ure”. Although strictly onlji-
catle to the 1,0 - 15,0 um region, the calculations are ex-
tenced with a lesser degree of accuracy into the visible
region to thzt comparisons with neasured dsta cen be made,

3.2 = 3,5
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Barrett, E.W., and O,Ben-Dor, 1967

Application of the lidar to air pollution measurements,
Jo.Appl.Meteor. 6: 500-515

The paper presemts the physical basis of the technique whe-
rein equations based on Mie scattering theory and the ra-
dar equation are derived, This enables calculations of the
particulate concentration, turbidity index, and horizontal
visibility from trz lidar data as function of height., The

second part of the paper is devoted to a brief description
of an operational lidar system.

*-3.6 - 302

Barrett,E,W.,ReF,Pueschel ,H,K,Weickmann,and P,M.Kuhn, 1970

Inadvertent modification of weather and climate by atmos-

pheric pollutants, US Dep., of Commerce, ESSA, Res,Laborato-
ries, Boulder, Colo.

Analysis of AN measurements around the Buffalo area over
the Lske Ontario at an altitude approxe. of 300 m is presen-
ted, The measurements were performed on November 22, 1969
and showed clearly the far reaching plume of polluted air
over the Lake Ontario, More than 100 miles away_there was

Y
still AN concentratiothigher than 6,000 AN cm=> compared
with the 14,000 AN c¢m™” over the city.

2.].

Battan, LeJs, and J.J. Riley, 1960

Ice~trystal nuclei ané maritime air, J.Meteorol. 1.7:
675-676

The observations made on Mount Bigelow in southeastern
Arizona indicate that the data by Georgii & Metmieks
pertaining to the relstionship between freezing and
ice nuclei and gea-salts could be most readily recon -
ciled with the hypothesis that the oceans are an im-
portant source of icecrystal nuclei,
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Baxter, D,C.,

1954

A review of radiation scattering methods for measuring
cloud droplet size, Nat.Res.Council of Canada, Rep.No.

e v - Ao
w w v NaWe

MD-40, 28p. : %

E Comparison of different techniques which might be useful ;g
; to a cloud physicist is presented. g
.
?
; 5.7 5
‘ S ) 13
f -1 8
E Beliaiev, V.I., 1964 %
% Metod Lagrangea v kinetike oblachnykh processov, ) 2
! GIMIZ, Leningrad : P
% The author describes the basic differece between the ' 2
Ly Lagrangian and Bulerian conception of modeling the o
s growth of cloud elements, After establishing a closed P4
5 system of equations, he makes several simplifying as- ﬁ
S sumptions for the growth of elements in warm, ice and B
< mixed clouds, A detailed analysis of the evolution of %
the drop size spectrum from salt nuclel and the transi- E:

tion from cloud to precipitation elements are also men- §

2 tioned, Some applications of the Lagranglian description g
%- of the cloud drop spectrum evolution and of the water "3
% phase transition for the cloud seeding experiments is : g
% attached, : %
1.9 #
{ ~ - i 2
| ;
Belyashova, M,A., 1974 q

Soderzhanie v prizemnom sloie atmosfery melkodispersnykh
' aerozoleld (iader Aitkena) na poberezhiakh Barentseva i

{ Cernogo morei, Trudy GGO, Vyp. 343, Gidrometeoizdat, Le-
b ningrad, 20-33

Aitken nuclei measurements with the aid of a small Scholz
counter on the Kolska peninsula and on the seashore of
the Black Sea were performed, The distribution of AN con-
centrations followed the log-norm.distribution., The AN
concentration decreased with the distance from the sea-
shore,At high wind velocities (v > 7m/sec) a strong ine

crease in AN concentration was observed pointing on the
oceanic origin of the majority of AN,
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Berlyand, M,E,, 1973

Air Pollution and Atmospheric Diffusion, John Wiley & Somns,
New York, Israel Program for Scient, Trans,(Jerusalem - - .

London)

Collection of contributions on the air pollution made by
different authors: pp.l34-150 Belyashova,M.A,:Distribution
of aerosols over seas, Study of AN concentration over the
Baltic Sea (ag 200 m altitude concentrations between 500
and 2,000 ¢m~?), Over the Polar Sea (Kola) a strong decrea-
se in AN concentration within 300 m above the sea surface
was observed, Charts with AN councentration isolines over

the Baltic Sea are attached,

2.1

Bertolotti,M,, L.Muzii, and D,Sette, 1969

On the possibility of mecsuring optical visibility by u-
sing a ruby laser, Appl.Opt., 8: 117-120

The atmospheric attenuation of a ruby laser radiation is
studied, The possibility of using the laser back scattered
radiation to prohe optical visibility is investigated., An
experiment is described in which the amplitude of the sig-
nal received back from the target at 1.3 km and 0,5 km di-
stance was examined and relationship with the visibility
range at different atmospheric conditions found.

3.6

Bertrand, J., .Baudet, and A.Drochon, 1974

Importance des aerosols naturels en Afrigue de 1l'ouest,
JoRech.Atmos,, 8: 845-860

The detailed analysis of the occurence of dust haze over
Jest Africa was made, leteorological observations and the
vigibility measurements tere used in order to trace the
aerosol bringing the particles from Sudan, Algeria anc hia-
uritania over the North Tronicsl .tlantic and from Tchad
ané¢ Jdorth cf Higeria and South of Jahara., iApplications of
the visibility measurements at .:bidjan support the general
model suggested in the paper,
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Best, A.Ces 1953

Condensation nuclei and the development iati
J«Roy.Meteor.Soc. 79: 112-120 pment of radiation fog,

Analysis of the nuclei growth below 100% R.H. sh

! . ! 2 . oved that
shape of size-distribution curve of nuclei h;s small ef?ect
uvon computed value of ligquid-water content of fog and that

TR AR RN W e

visibility at saturation is not : :
: 3 affected by mean nucleus Z
mass, nor by size distribution of nuclei, %
T3

| &

-

3

%

2 3.6 %
: =
2
y T :
; 5
; 3
: Best, Aoc0’ 1954 ,

- -y

Dimensionless equations for the growth of a drcp of
salt solution, Quart. Je.Roy.Meteor.Soc.,80: 89-93

Equation for transfer of heat and water vapor deduced
for a drop of salt solution for the atmosphere with
) which the drop is not in equilibrium, Some simplifi-

RO

R AR AR

; cations of the sophisticated rigorous solution are
% suggested,
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Biscaye, P+Es, R.Chesselet, and J.M. Prospero, 1974

Rb - Sr, 87sr/ 86Sr isotope system as an index of prove-

‘ nance of continental dust in the open Atlantic Oceans
: JeRech,Atmos, 8: 819-329.

The dust sampled in gifferent ways (bigh volume samplers
with Yhatman 41 filter paper and large filter meshes)
was collected over a period of about five years in the
dipection East-West (Dakar-Azores) or North-South (Azo-
res-Walvis Bay). The samples were analyzed by X-ray
fluorescence analysis fcr Rb/Sr and by mass spec tromet-
ry for Sr isotopic ratios., Based on the evaluation of
the samples one can trace two sources of dust plume,

one from Sahara and the othor rfrom Kalahari Desert,
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Blanchard, D,Cey 1955

Electrified droplets from the bursting of bubbles at an
air-sea water interface, Nature, 175: 334-336

Bursting of the bubbles is an effective mechanism of pro-
ducing airborne droplets, Description of the Jjet mecha-
nism, ejecting the drops 18 cm high, and generating 5-6
droplets is presented, An apparatus has been designed

wWhile studying the charging of water drops the aut@or
has demonstrated that organic surface active materials
could be ejected into the atmosphere by bursting bubbles.

z for the obssrvation of droplets and measurement of their
o electric charges generated during the bubble bursting.
¢ |
Blanchard, DeC., 1958
§ Electrically charged drcps from bubbles in sea water and
: their meteorological significance, J.Meteor. 15: 383-396 :
§ g Study of the electric charge during the bubble bursting - %
:o with the aid of Millikan-type condensor has been mades :
: The author speculates that the sea may be a source as ;
s well as a sink for the charge that in total maintains :
. the earth!s positive electric field. H
i
3 g
: 3
£ ;
E 1.6 1
A — — :
i :
- BlanChard, D.C., 1963 E‘:
ﬁ The electrification of the atmosphere by particles from %
' bubbles in the sea. Progr.Oceanogr, l: L71-202 §
g
;
&
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: Blanchard, DeCe, 1963

Cordensation nuclei and raindrop spectra, J.Atm.Sci,
20: 624 - 625

D I RN AT T A e XL ML D1

A doubt is risen about the general validity of R.M,

Griffith’s statement about the close relation between

the condensation nuclei and drop-size distribution

spectra observed in warm - front rainfall. Author he-~

sitates to accept the assumption, that the material a- -
nelyzed was chosen from the samz region and from the

same meteorological situation, His measurements on Ha-

waiian islands do not support Griffithts findings.
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BlanChard’ Do Co ’ 1969

The ocean®.c production rate of cloud nuclei, J.Rech, :
Atmosph, 4: 1-6

kL3

2T DR NI

Measurement on Hawaiian Islands on the tower built:omn the
top a lava ledge (23 m above the sea) with the Gardner
' photoelectgic coynter., The nuclei generation rate was
25-100 cm~< sec —, what is only 5 to 20% of that esti-
mated by Squires to be produced naturally by land sour-
ces, There was an intence production of nuclei in the
surf zone, Fluctuations over the surf zone were large
regching occasionally several thousands of nuclei per
cm’, Nearly all of the high counts were associated with
Bpray.
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Blanchard, D.C., 1971
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White caps at sea, J,Atmos.Sci, 28: 645

et AR R

The formation of white caps is also strongly dependent -
upon the temperature: Miyake and Abe (19/8), Abe (1955)

found that the rate of decgy of a foam patch on sea wa-

ter at a temperature of 20°7; was at least twice that of

a foam patch on the sample of water at 0°C,
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Blanchard, D.C. and A,T. Spencer, 1964

Condensation nuclei and the crystallization of saline
drops, JeAtmos,Sci, 21: 182-186

Droplets were supported ircide a small chamber, where
the phase changes could ve observed microscopicallye.
The chamber was connected to a Scholz cond. nucleus
counter. No evidence was found for the production of
particles after droplet crystalization. Therefore the
authors cannot support the hypothesis of small nuclei
shattering during tie crystallization process.

2.1 - 203

Blanchard, DeCe » 1971

The oceanic production of volatile cloud nuclei,
JeAtmos, Sci., 28: 811-812

Possible explanation of the finding by Dinger et-al (1970)
about the volatility of cloud nuclei over Atlantic,.

"Giant salt nuclei in marine air are composed, at least
in part, of surface active materiale.."

243

Blanchard, D.C., 1974
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International symposium on the chemistry of sea/air :
particulate exchange processes: summary and recommen- i
dations, J.,Tech,Atm, 8: 509-513 H

Summary of the highlights of the symposium: Bubble size
data are available from the seashore, not from the open
sea, Importance of the direct mechanical spraying of
drops is stressed, Apparently large bubbles generate
primarily film drops, wheras small bubbles, jet drops.
The question about the nature of the thin layer of or=
ganic substances on the ocean surface remains still un-
answered, Baler et al, present an evidence that it is
composed of glycoproteins and proteoglycans, The dis-
tance along which the bubble risesdecides about the ad-
sorption of organic substances and ions on its surface
and influences the composition 0f aerosolG,lel=1e¢4=1.8

61

——

Y 2 2 ATeagL ST A IR
B N TN e E T LD e
J r . N

N - LR e 11:'§:. = T ,_,2‘;: P
e AR AR NS L Tl e st e A 2 A B LT




Blanchard, D.C., and L.D, Syzdek, 1972

Variations in Aitken and giant nuclei in marine air,
JoPhys, Oceanography, 2: 255-262

éﬁ
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On O éhu,Hawaili measurements on a tower showed, that AN
concentrations varied from 122 to 500 cm~> with sudden
pertrubations up to 2,000 cm™’, Periodic changes in AN
concentration with two main pericds were identified:
30 days, and 5-6 days. Giant nuclei were measured by
: a technique enabling to sample the aerosol on a wire

and the wire afterwards passed through destilled water
g which was.analyzed-on the content of Na

Ja ( mass spectro-~
: metry). There is a strong evidence of the increase of -
H salt load ( up 30 ugm™) with wind speed.
2.2 - 2.1

Elanchard, D,C.,and L.D, Syzdek, 1972

: ' Concentration of bacteria in jet drops from bursting
: , bubbles, J,Geophys.Res, 77: 5087-5099

The separation of the bacteria Serratia Marcenses in jet
drops from buirsting bubbles was investigated,. Values of
1 to 100 in a drop of about 80 um in diameter have been
' found, A epecial "aging tube' has been developed for
keeping a bubble below the water surface under control-
led conditions, Surface~ active organic material also 3
has been absorbed onto a rising bubble, This proces Z
lowered thesurface- free energy, and in turn,results in

a gecreasing jet~drop size and ejection height,
2,

- e ¥
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Blanchard, D.C., and L.D, Syzdek, 1974

Importance of bubble scavenging in the water to air

transfer of organic material and bacteria, J., Rech, -
, Atm, 8: 529-540

5ince the adsorption of surface active materlal onto i
the ssa surface bubbles lowers the surface free energy .

: which s the source of the kinetic energy of the jet _
! drops, the heights to which the jet drops are ejected i
is seen tc decrease with increasing dweling of bubbles
“in water, Experiments with bubbles rising through sus-
pensions of the bacteria Sermatia marcenses were per-

formed,Different paths were related to the bacteria

content, After only 10 seconds of moving through the
water sufficient organic meterial was adsorbed on the
bubble surface to decrease the ejection height of the

top jet drop from about 12 tc 6 cm, Second drop did not
show any markable effect, 1.8.~ 2.3
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Blanchard, D.C., and A,H, Woodcock, 1957

Bubble forme ion and modification in the sea and its
meteorologiv.al significance, Tellus, 9: 145-158

Description of the mechanism of bubble bursting is ba-~
sed on the high-speed camera pictures, A detailed inves-
tigation of the jet formation showed that: 1) the bubbles
forming nuclei are 2x10-2 cm, 2) most of the nuclei

are produced via jet mgchanjism, They estimate the pro-
ductign raie at 34 cm™“sec~t, which corresponds to about
3 em “sec” if it is accepted that 10% of the sea surfa-
ce is active in nuclei production by white caps,

23

Blifford,I.H., J.%,Burgmeier, and C.E.Junge, 1974

Modification of Aerosol Size Distributions in the Tropo-
sphere, NCAR Tech,Note/ STR-98, Boulder , August,

A detailed analysis of all processes contributing to the ;
formation ot the size distribution of aerssol particles in
the trovosphere is presented, Conclusion: After several
days only particles of O,1 um < r < 1,0 um remain in the
air at higher levels, Because oger the ocean a large a-
mount of particles with r = 10~/ cm was recently found,one

has to assume that there is a permanent source of those
nucledi¢

1,2

. Blifford, I.H.,Jr., and D.A.Gillette, 1973

An automated particle analysis system, The Microscope, 21:
121-130

Automated evaluation of aerosol pictures by an TV camera
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set is desribed and some featuresof the equipment mentio-
ned,
5.15 63

em
e Pet——

Lo JEREatn vk ageai

\, . . - Co W =y AL - - A" DR A R 2 A
B T W iy ocadPaton LU AER TN, SIS REr | ¥ S T D R TS P

e}




= e R T e M R e R
cme T TXTITO = TS =

-—— e — -

Bioch,M,R,, and W,Luecke, 1972

P I L aas. i A

Geochemistry of ocean water bubble spray, J.Geophys.
Res., 77: 5100-5105

The authors present a survey on the fractionating mecha-

nism of different ions during bubble bursting and sea

spray formation, "Ludwig-Soret" effect and others are

discussed in details, The depletion of soluble inorga-

nic salts below the surface of oceanic walers is due to

the fact that the surface tension of their solution ri- :
ses with their concentration, These materials can be co-~

centrated in the apex of the bursting bubbles and in

this way transported into the air,
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Bodhaine, B.A. 1977

Nuclei monitoring at baseline sites: Barrow, Alaska; Mauna ;
Loa, Hawaii; American Samoa; and South Pole, Vol, of Abstr.

9th Int.Conf., on Atmos, Aerosols,Cond, and Ice Nuclei, Gal-
way, 86-87

The US global background monitoring program includes the
measurement of C0p, Oz, surface aerosol and solar radiati-
on, AN data show a dié%inct annual variation with cleanest
conditions during winter of the corresponding nemisphere,
Samoa station had concentrations githin the range 110 to
200 cm~” and Barrow 50 to 300 cm~’, Total light scattering
at Mauna Loa measured by a four wavelength nephelometer

, showed loy wintertime monthly means of 2, 1.3, and 1.8
x 107/ m™ in 1974,

ol = 4,2 = 5,11
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“ochaine, B,.\., and R,s, Pueschel, 1974

AR,

Source of seasonzl variations in sclar radiation at l.auna
Loa, Je.itmos.Sci. 31: 340-845

.nalysis of the solar radiation transmission at liauna Loa
cupports a seasonal variation with the minimum in sumner,
It is nuggested that these v~ariations are due to the sea-
sonzl generation of aerosols of organic nature. .in attempt
wias made to explain the obrserved turbidity variations by
the changes in humidity, However, water vapor alone caunot

zgcount for the observed changes in solar radistion trans-
mission,

-
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Bonsang,B., B.C.Nguyen, A,Gaudry, and G,Lambert, 1977

g ROSRIIHD 2L ey

Variation of the chemical composition of marine aercsols
in a nigh biological productivity area, Vol.of Abstr. 9th
Int,Conf. on Atmos, Aerosols, Cond., and Ice Nuclei, Galway,
154

In order to check how much the chemical composition of ma-
rine aerozols depends on the biological activity of the
ocean surface measurements above the sea in Nz:rthern Bri-
tawn in waters w'th a high biological producticrn have been
performed, A markable enrichment of sulfates (retated to
Na concentration) and of phosphates has been founad,
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Boyce, S.G., 1954
The salt spray community, Ecol.Monogr. 24: 29

The author discusses a hypothesis that mest of the salt
nuclei do originate from bursting of bubbles, He conclu~
des that salt particles larger than 1 um can be produced

by the bursting of numerous small air bubbles in the
foam of breaking waves,

2e3
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BYttger, A., G.Gravenhorst, and D,H,Ehhalt, 1977
Deposition rates of ammonium and nitrate in the northern

hemisphere, Vol., of Abstr. 9th Int.Conf.on Atmos,Aerosols,
Cond, and Ice Nuclei, Galway, 98

b r——— N
[}

The available data on Ng% and NH], analysis in precipitati-
on have been surveyed, The depos&tion rates show bcth a la-
titudinal dependence over both, land and ocean with maxima
at middle and tropical latitudes. The oceans seem to be a
minor source for nitrate and ammonium or their gaseous pre-~
cursors., The high concentrations of NOp over tropical regi-
ons can be explained by thunderstorms or bushfires,
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Bricard, J., 1974

Aerosols production in the atmosphere,in "Aerosole in Na=-

turwissenschaft, Medizin und Technik", Jahreskongress GAF,
Pe 265'28h
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A general survey of the processes ccntributing to the ae-"
rosol formation and removal in the atmosvhere includes:
Gas to particle conversion mechanism, homogeneous and he-
terogeneous nucleation (the influence of the presence of
inactive aerosol on the nucleation rate) and different
mechanism affecting the transformation of particles sus-

pended in the air. A survey of the potential sources of
atmospheric aerosol is attached,
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Brier, G.W., and D.B. Kline, 1959

: Ocean water ~s a source of ice nuclei, Science, 130:
. 717-718

Laboratory experiments with agitated surface of sea wa-~

ter showed that the number of ice nuclei increased from

Oe5 to 300 per liter if the air temperature was lowered
, from -15 to -30°C., The nature of nuclei is unknown,
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BrOWn, RoTo, Jro, 1967

Baclccatter signature studies for horizontal and slant

range visibility, Rep.lNo.RD-67-24 Sperry Rand Research
Center, May

Transmissometer data in fog were simultaneously recorded
for comparison with the backscatter data to determine the
atmospheric extinction coefficients,
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Brown, R.Ta,Jro, 1973

A new lidar for meteorological application, J.Appl.Meteor,
12: 698-708

A new lidar with gallium-arsenide fiber coupling is descri-
bed, The importance of measuring extinction coefficient
profiles (and thus visibility profiles) through the fog ise
demonstrated, Also, examples of signals from some hydrome-
teors (rain, fog and clouds) using a 250W peak-power lidar
are presented,
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Buat-Menard,P., J.Morelli, and R, Chesselet, 1974

Water-soluble elements in atmospheric particulate matter
gger6tropical and aquatorial Atlantic, J.Rech.Atmos, 8:
1-673 ;

Samples of atmospheric particulate matter were coliected
: on board the ships with the aid of Whatmag No.,41 filters
i though which was filtered 300 to 13,000 m” of oceanic

‘ air, Insoluble and soluble fra:tion was separated. Na,
Mg, K, and Ca were analyzed by atomic¢ absorption and Cl,
S, and S0, by colorimetrical tests, Data show a strong
geographical dependence of K and Ca enrichments (e.ge

Ca soluble origirated from African deserts).K enrichment
was associated with the surface-active material,
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Buchen, M,, and H,./,Georgii, 1971

bin Beitrag zum atmosphHrischen Schwefelhaushalt tber dem
Atlantik, "Meteor. Forsch.-Ergebnisse) Reihe B, 7: 71-77

b b ——— B

The investigation into the nature of the origin and varia-
tions of the SO, gas and sulfate aerosol was performed
during the Atlaﬁtic-Expedition (GARP) in 1969, The S0,
content showed a2 decreasing concentration from the tempera-
te latitudes towards the tropics, The concentration of
sulfate aerosols revealed no meridional trend. One assumes
that sulfate aerosol is composed of a continental and ma-
titime component,
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Bullrich, K., 1973

Das atmosphHrische Aerosol und seine Bedeutung fir Energie-
Transporte und Klima#nderungen, in "“Aerosole in Physik, Me-
dizin und Technik", Jahreskongress d, GAF, 50-56

A review of the current state of the investigation of the
influence of atmospheric aerosols on the radiative energy
transport and climatic changes on our earth., Discussed are:
; The composition, physical properties, size distribution

y and the distribution of aerosols in the atmosphere, Esti-

- mates are made abouit the contribution of the anthropogene-
5 ¢ ous sources of aerosols to the total budget and possible H
7 climatic changes., l
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Bullrich, K., 1960

Streulichtmessungen in Dunst und Nebel, Meteorol.Rundschau, ki
13: 21-29 E
Searchlight measurement of scattering function in ground f?
air showed that down to scattering angles of 100, i.e, to 4
' the 1imit of these observations, the scattering function i
is practically independent of visibility, The drop of in-

tensity was in good agreement with 8 = 3 ( in agreement
with Junge's particle distribution).
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Burckhardt H., and H, Flohn, 1939

Die atmosph#rischen Kondensationskerne in ihrer physika--
lischen und klimatologischen Beteutung, J.Springer,Berlin

The monograph presents a survey of the physical-chemical
properties of AN and of the role of AN in the atmosphere.
A detailed description of the instruments used for AW
concentration measurement is accompanied by the analysis
of the influence of individual meteorological elements
on AN counts, Many measurements show g geographical dis-
tr;bution of AN concentration and its devpendence on the
main sources: highly populated and industrialized regions. 15
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Burkser, £,S., and V,V, Burkser, 1951

Aerokhimicheskie issledovania na Ukraine, Trudy inst,

geologenauk, ser, petrografii,mineral, i geochimii,
AN USSR, 1

Chemical composition of rainwater and of some particula-
te material collected on the territory of Ukraine (later
was included a network of 41 stations covering the whole
territory of USSR) is described, Rain water samples we-
re collected in raingauges, No special attention was
paid to the storage of one week samples and to the sepa~-
ration of the dry fall-out and of the precipitation., The
analysis included the ioms: Cl, S0, HCO3, NHy, NOp, Na,
Ca, Mg,

be3

Byers, HeR., JeRsSievers, and B.J, Tufts, 1955

Distribution in the atmosphere of certain particles cap-
able Ofggrving as condensation nuclei, Proc.Conf.Physics
r

of Ciloud and pPrecip,Particles,Woods Hole Ocean,Inst,.,
Woods Hole, Mass., 47-72

The authores have followed the maritime air from theGulf
of Mexico along the Mississippi Valley. Usually large
chloride particles were numerous at the same time spar-
se at the ground in the interio» of the continent, Their
concentration decreased with distance inland very slow-
ly.The number of gigant nuclei aloft in particular excee-
ded those at ground level by one to two orders of magni-
tude, Conclusion: The surface of continents provides a
sink for salt particles,
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Carabine,M,D,, J.E.L.Maddock, and A,P.Moore, 1977

A rational technique for determination of particle size

Vol, of Abstracts 9th Int,Conf, on Atmos, Aerosols, Cond,
and Ice Nuclei, Galway, 136

rical particles of knovn refractive index in the diameter
range O.1 to 2,0 um has been suggested and experimentally

tering measurements at angles over a wide arc (e.g. 150°)

302 - 102
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Carlon, H.R., 1970

Infrared emission by fine water aerosols and fogs, Appl.
Optics, 9: 2000-2006

Water aerosols are capable of very strong absorption and
emission in the infrared, This effect is pr

Rnouced in the
8 = 13 um atmospheric window, due to the 10 increase in
the absorptivity of liquid water there over that for water

vapor, Water aerosol is represented by condensation nuclei
activated at the R,H, > 60%, Water aerosol contributes sig-

the obvious scattering role, but significantly as an emit-

ek
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Carrier,L.W., GeA,Cato, and K.,J,von Essen,

1967

The backscattering and extinction of visible and infrared
radiation by selected major cloud models, Appl, Optics,
1209-1216

Volume backscattering functions and optical extinction co-
efficient are computed for eight suggested cloud models u-~

sing the Mie scattering theory for optical wavelenghts:
0,488, 0.694, 1,06, 4,0, and 10,6 um. Results show that
there is no clear advan%

age of one wavelength over another
for improviag cloud transmission, however, the backscatte-

rving is significantly reduced at the longer wavelengths,
Some calculations are made under the assumptiocn of cloud
inhomogeneity,

3,2 ~ 3,3 = 3,6 , 70
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distributions in aerosols by light scattering measurements,

A simple method of determining size distributions of sphe-

tested, Zero order log-normal distribution and light scat-

are assumed. Experimental measurements assumed monochroma-
tic light polarized with the vector normal to the plane of
scattering,

nificantly to radiance levels in the infrared, not only in the
ter (at the longer wavelenghts extending to at least 15 um),
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Carstens; J.C., W Allen and J.T. Zung, 1970

Theory of droplet growth in clouds: 11, Diffusional

interaction between two growing droplets, J.Atm.Sci,
27: 798-803

The investigation c¢f the heat and mass transport be-
tween two growing droplets in a supersaturated environ-
ment leads to the conclusion that the smaller droplet
tends to "catch up" with the larger one (its radius
grows faster that of the larger one), However, the %
growth rate of smaller droplets is not so fast as their . ;
isolated counterparts, Hence, a polydisperse system of g
&

L L T e ik A UL
!
.
|
]

drcos approaches to monodispersity, but this approach z
is slower than predicted by conventional theory. In a k.
real cloud the interaction between the droplets becomes %

only significant if the droplets comnsidered would have
‘ nearly equal radii, 149
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Carstens, J.C.,, and J,M, Carter, 1974

£

Current meteorological theory of drop growth by conden=~ %

sation and some comparisons with experiment, Tech. Rep., . 3

GCCPR, University of Missouri, Rolla, S

: o Z

A detailed analysis of all terms in the droplet growth I i

equation is presented and a suitable -model suggested. P

The measurement of the droplet growth in a Wilson type i3

o expansion chamber by means of height scattered by the E
i drop supports the applicability of the suggested model. %
3 1.9 "3
%

Carstens, J.C., J. Podzimek, and A. Saad, 1974"

On the analysis of the condensational growth of a sta-

tionary cloud droplet in the vicinity of activation,
- J.AtmOS.SCi., 31: 592"595

%

]

=

3

The equation of droplet growth with its individual terms ' #

. is explained, The individual terms are adapted to an %
: analytical solution and calculation of the drop size &
change in dependence on time, The different regimes of g

the nuclei activation and of the droplat growth in the
vicinity of activation are discussed,




Carstens, J,Ce., and J.T, Zung, 1970

Theory of droplet growth in clouds. I, The transient
stage of the boundary- coupled simultaneous heat and
mass transport in cloud formation, J.Coll,Interf.Sci,
33: 299-311
The heat and mass transport equations describing a drop-
let growing in a supersaturated atmosphere are presented
and two solutions discussed, The first describes the
transient initial stage of the growth and the second is
valid for tue state close to a steady-state condition. :
: , Comparison between the quasi-steady-state and transient i
: : solution leads to the conclusion tha% e.g. 10 um drop :
growth is satisfactorily described by the fixed-radius

theory in conjunction with the quasi-steady-state theo-
rYe

1.9

i
¢
P
¢
Iy
£
¢
K
¥
H
k-4
Y
\5}1
]
i3
4

Ay |

1]

st s e

=
e REAk R 200000, Fa B

Casella, 1959

Cascade Impactor, C,F.Casella and Co,Ltd.(Regent House,

Fitzroy Square, London W.I ), Instruction booklet No.
3018/RI, 29p.

oty g 4 ) 8 b gl e e
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The standard type of Casella impactor measuring the sizes
of particulates in four different size ranges (correspon-
ding to the air speeds at the nozzles: 2.,2; 10,2; 27.5
and 77 msec~l) is described, Particles in the size range

of 0,5 to 200 um are deposited at a flow rate of 17.5 1li-
ters per minute,
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Chaen, Ho 9 19?3

Studies on the production of sea-salt particles on the sea 1

surface, Mem, Faculty of Fisheries, Kogoshima Univ,,
22: 49-107

ey et

A detailed study of the sea-salt varticles in the lowest
atmospheric layer above the sea surface, The vertical dif-
tribut%on of particles with the masses ranging from 10~

to 1077 g support the validity of Tobals equilibrium theo-
ry of salt particle distridbution, A rough calculation of

the production of salt particles over the ocean is perfor-
med,
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Chapman, S., 1938

Carrier mobility spectra of liquids electrified by
bubbling, Phys,Rev, 54: 520-527

and Interpretation of carrier mcbility spectra of
liquids electrified by bubbling and spraying, 528-533

Investigated were: charged particles generated by bub-
bling through water and several aqueous solutions of
salt, acid, base, sugar and soap with Erikson mobility
tube, The importance of the effect of aging, humidity,
concentration and temperature is stressed, Interpreta-
tion of mobility spectra and relation to the spraying
method is discussecd in details.

1.6

Charlson,ReJe4DeSeCovert,A.P.Waggoner, and N,CeAhlquist,
1975

Studies of the hygroscopic/deliquescent nature of aerosols,

Proceedings of the 8th Int.Conf.on Nucleation, Leningrad,
1973, Gidrometeoizdat, Moscow, L66-472

The laboratory equipment and the field measurements of de=~
liquescent and hygroscopic nature of aerosol at humidities
below 100% R,H, are described, The light scattering humi-
dity response curves do not provide specific information
on the composition of the aerosol, however, there was e-
nough evidence, how the sea salts predominate on the sea-
shore and influence the light scattering,

305 - 3.6 - 102 - 105

Chen, CeS, ’ 1970

Drop growth by condensation in the entraining updraft, Conf.
on Cloud Physics, AMS, Fort Collins, p. 113-11}4

The evolution of cloud droplet size spectra is described on
the basis of the equations for droplet growth and the ef-
fect of the entrainment of the environmental air. Three
different initial nucleus size distributions were used, The
computed vertical veleocities increased from 3 to 10 msec~l
(at 00C level)., The entrainment did not slow down the con-

densation process. The number of large drops was dependent
on the initial nucleus distribuiicn,
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Chesselet, R., J.Morelli, and P, Buat-Menard, .i972

Variations in ionic ratios between reference sea water
and marine aerosols, J,Geophys.Res, 77: 5116~5131

Sampling was performed over the North and Equatorial At-
lantic, Norwegian Sea, Aarctic Ocean by air filtration
and impactor sampling, K/Na concentr, ratios exhibited
marked variation and were greater than in the bulk water.
Ca/Na ratios followed the K/Na ratios, Cl/Na ratios in
aerosol were almost the same 1ike in sea water, The en-

richments seems to preferentially affect particles of
small sizes (=1 - 2 um),

lofp = 2,54

Chester, R,,S.R.Aston,J.H.Stoner, and D.Bruty, 1974

Trace metals in soil~sized particles from the lower tro-
posphere over the world occan, J,Rech.Atmos, 8: 778-789

Heasurements of particulate concentration and compositi-
on have been made on board of the ships in the North At-
lantic, South Atlantic, in the Indian Ocean and in China
Sea,Particles were collected by means of nylon meshes
suspended from the bows of the ship, approximately 15 m
above the sea surface, Mean concentrations found {(p.p.m.
Sr Co Cr V Bag Mn Ni Ga Cu 2Zn
Concentr, 101 9 85 145 487 1,312 91 21 157 683
Enrichment 0,35 0.45 12 1o4 1.4 145 145 1,6 3.4 13

Sn Py
30 465
19 49

leh - 2,6

Chien Chen-Wu, and Mack Dun-Pok, 1966

Computation of droplet growth from giant salt particles
gioagggnding air below cloud base, J,Atmos,Sci. 23:

An equation similar to that by Mason and Gnosh (1957)
is used for droplet growth in an updraft. If the drop-
let rise were exceedingly iast, the particle diameter
would lag behind the equilibrium dismeter at tiue vari-
ous heights and humidities,At the updraft velocity of
6 m/sec a 10 um - diameter NaCl drop has much larger
time response than a 5 um drop. The calculated values

are diacussad and the applicability of the results men-
ioned,
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chin,J.H., C.M,Sliepcewich, and M4,Tribus, 1955

Particle-size distributions from angular variations of in-
tensity of forward scattered light at very small angles,
J.Phys,Chem, 59: 841-84L4

The authors present mathematical basis for the subject pet-
hod.Possible applications of the iategral for@ula are dis-
cussed and appiied for a lens pinhole, a moving piphole
and a microdensitometric method, In the latter two the for-
mula was modified to be applicavle for forward scattering
within 2 half angle cf about 3 to 4 degrees,

32

Chin,J.H., C.M,Sliepcewich, and M,Tribus, 1955

Determination of particle-size distribution in polydisper-
se systems by means of measurements of angular variation
of intensity of forward scattered light at very small an-
gles, J.Phys.Chem., 59: 845-848

Experimental technique using the moving pinhole method is
described, A known dispersion of glass spheres (2 to 4O
micron) in water was used to test the validity of the me-
thod, The apparatus consists of monochromatic, parallel
light source, a dispersion cell, a lens-moving-pinhole

receiving unit, and a photomultiplier potentiometer measu-
ring system,
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Cinkotai, F.F., 1971

Behaviour of sodium chloride particles in moist air,
Jeo Aerosol Sci., 2: 325-329

Thomson-Gibbs equation is deduced using more general
terms for the dissolved substance from Landolt-B8rn-
stein's book, Some solution droplets can exist even in
an atmosphere supersaturated with water vapour, The dia-
meter of a NaCl solution droplet changes enormouslv be-
tween 99 and 100 % R.H, The diameter ot these droplets

may therefore serve as a sensitive measure of R,H, in
the 99 and 1CO % region,
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CObb, W.E,. » 1973
Oceanic aerosol levels deduced from measurements of the

electrical conductivity of the atmosphere, J.Atmos,Sci.
30: 101-106 :

Discussion of the variation in AN counts during a long
period of time of measurements is presented,

Cohen, L,, 1959
A sedimentation balance for particle size analysis. Ins
strum,Pract,Automat,Electron,,G.Brit, 13: 10: 1036-1041

The article discusses the principle and functioning of a

liquid sedimentation balance for granulometric analysise.

Preparation of samples of liquids and dispersions is des-
crived in details.

516

Coppock, P,D., and G,T.Meiklejohn, 1951

The behaviour of gas bubbles in relation to mass trans-
fer, Trans,Inst,Chem,Engin,.,London, 29: 75-86

The authors present an expression for bubble size, as

a function of the orifice diameter, surface temnsion and
density of liquid, Upward velocity of bubble in water
varies with diameter of bubble and of liquid column and
of the rate of bubble production, Treats: Mass transfer
from oxygen to water , mass transfer from butbles,
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COUlier, Po‘T., :875

Note sur une nouvelle propriété ce l'air, J., de Phar-
macie et de Chimie, 4, 22: Sept.(1875),165, Oct,,254

Experiments with a simple squipment for the activation
of atmospheric condensation nuclei are described, This

can be considered as the forerunner of the nucleus coun~
ters designed many years later,

101

Cox, R.A., 1974

Particle formation from homogeneous reactions of sulphur
i dioxide and nitrogen dioxide.,Tellus, 26: 235-240

Some recent laboratory results rela'ting to the conver-
sion of gaseous sulphur dioxide and nitrogen dioxide in-
to particulate material and the implication of these re-~

sults on the atmospheric chemistry of these gases are
discussed,

2.1
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) Crabb,J.A., and J,Latham, 1972

Multiplication of condensation nuclei by bursting drop-
lets; J.Rech,Atmose, 6: 81-87

The evaporaticn of emall water drops proceeds without
appreciable 1css of charge. As a result the relationship

‘ . between radius and cherge alters until the Rayleigh li-
! mwit is reached, The drop becomes unstable and suffers
a reduction in charge to mass ratio in order to again
stability, It was found that the multiplication is un-
important over the ocean surfaces but may be significant
at the boundaries of highly electrified clouds,

77
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Cresemon, G, 1959

The value of phase microscopy for the examination of par-
ticulate material collected on memdrane filters, J.Amer,
Indust, Hyg. Assoc, 20, 3: 190-193

The author suggests the use of phase microscopy for exa-~

mining particulate material such as quartz dust collected
on miilipore filters, The millipore filters have the re-

fractive index close to the o0il used for rendering filter
transparent,

5015 = 5.2

Crozier, W,De., B.K. Seely, and L,B, Wheeler, 1952

Correlation of chloride particle abundance with the sy-
noptic situation on a cross-country flight, Bull,Am.Mete-

On a flight over the USA at a height of 3000 m were col-
lected chloride particles larger than 10-1. g ( r=Q.5 um
at 80% R.H.). The highest concentration of o.46/cm” was

encountered in an air mass of marine origin,

ko2

Crozier, %.De, and B.K. Seely, 1949

Some technicues for sampling and ldentifying particulate
matter in the air, First Natl Air Poll.Symp.,Stanford Univ,
Calif. 45“49

Describes several techniques for sampling and identifying
particulate material in air (filters, sensitized sheets
etc.),
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Cuong, N.B., B.Bonsang, and G, Lambert, 1974

The atmospheric concentration of sulfur dioxide and
sulfate aerosnls over Antarctic, Subantarctic areas
and oceans, Tellus, 26: 241-249

During several trips, measurements of sulfur dioxide and

’ sulfate aernsocls have been taken over Antarctic and Sub-
antarctic areas and over the Mediterranean Sea, The re~
sults of the measurements are briefly discussed,
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Davies, C,N,, 1654

Survey of scattering and ~“sorption of light b &3
Brit.J,Appl.Phys.Suppl . 6465 & y particles,

The dlyfraction an? the Mie theory are compared for diffe-
rent s1zes of particles., The author calls attention to tke
simplification of the screening function in the case of 0=
paque particles and discusses m

: ethods of measuring small
particles in presen

ce of large ones,

302 - 303

Davies, C.N., 1974

The retention of particles in filters, J,Aerosol Sci.,
5: 487-495

The author analyses the mechanism of the aerosol retention
in the filter material, If both the cocllision efficiency
and the collision effectiveness of particles with the fi-
bers in a filter are constant, the penetration decreases
exponentially with increasing thickness of the filter., De-
parture from this behavior are discussed,

52

. ————— e —————

Day, Geds, 1955

Some aizborne obsevations of condensation nucleus con-
centration, Proc.First Intern, Symposium Condensation
Nuclei, Geofis. Pura e Appl. 31: 129-181

Counted are AN over England and the adjacent parts of
the East Atiantic. in an aircraft up to 2 km., Concentra-
tions about 200/cm3 in clean maritime air were found,U-
sually at ghe sea surface concentrations increased up

to 3000/cm” and then rapidly decreased with altitude,
However, the measurements were performed close to the
British Islands so that contamination was probably high,
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Day, JeA. and J.C, Lease, 1968

Cloud nuclei generated by bursting air bubbles at the

air-sea interface, Proc,Int.Conf,on Cloud Physics, Univ,
of Toronto, 20-24

Sea salt particles cross the sea-air interface principal-
ly through bursting of air bubbles., In the diffusion
chamber the bubble film fragments are shot and/or drag-
ged rapidly upward through the varying humidity. On the
ocean, there is not fast supply of supersaturation: The
drogs will quickly evaporate leaving sea salt nuclei of
10-12 g, Only very small bubbles r < 0,3 mm contribute
to the sea salt conden, nuclei generation,

5 2e3

De Bary, e, and Bullrich, K,,

Uber den Anteil der Rayleighstreung und den Einfluss der
Lerosolgrbssenverteilung auf die Extinktion und spektrale
) Intensitdt der Streustrahlung eines Luftvolumens, Arch,

4 iieteorol.Gecphys.u,Bioklimatol. B

Systematic calculations of the scattering function for va-
rious models of aerosol distribution.Results: A lack of
smaller particles results priuwarily in a decrease of scat-
tering intensity in the rang. of large scattering angles
of about 130° and primarily for smaller wavelengths., &
lack of large particles, results, in a decrease of scatte-
ring intensity at amall scattering angles.
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5 DelmasyR., J.Baudet, and J,Servant, 1977

Humid tropical media as a natural source of atmospheric
sulphur compounds, Vol, of Abstr, 9th Int.Conf. on Atmog,
Aerosols, Cond, and Ice Nuclei, Galway, 100

S0, and HpS are shown to bz present in the equatorial at.-
mospherg. SO, concentrations arce higher near the sea (7 to
3L ugm™?). Tﬁe most important contribution comes from co-
astal region_and savanna. The average level near the sea
is 1,80 ugm“3. The atmospheric origin c¢f sulfates is sup-
ported by the fact %hat 83% of the sulfate content is con-
fined to particles with diameters smaller than 1.0 um,
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gggnis, Rey WeRe Samples, D.M,Anderson, and L,Silverman,
7

Isokinetic sampling probes, Ind, and Engin, Chemistry 49:
294-302

The design of a tube for isokinetic sampling of particles
is described, Measurements of different shapes of sampling
bodies support the theoretical conclusions,

2.2

Deryaguin, B.V., and M.S, Khurgin, 1969

Theory of passivatian of the growth of wate:r condensa~
tion nuclei by .cetyl alcohol vapour, Proc, 7th Int,
Conf, on Cond., & Ice Nuclei , Prague & Vienna, Academia,

Prague, 96-101

The rate of the drop growth depends on the ratic between
the adsorption of cetylalcohol vapor and the growth of
the dropr in a supersaturatéd environment., The kinetics
of the condensation of water vapor and the cetyl alcohol
vapor deposltion on the drop is described by the simple
model including both molecular and 2iffusional trans-
port. The results are in agreement with experiments,

1.8
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Deryaguin, B., and G, Vlasenko, 1948

The iflow method of ultramicroscopic mucasurement of the
particle concentration of aerosols and other dispersion
systems, Rep.,Acad,Sci, USSR, Phys.Chem.Section, 2

Description of the apparatus in whiéh the particles are mo-

ving parallel with the line of light is presented. Compa-

red with the particle counting in a closed volume this me-
thod has many advantages.. Applicability to a wide range of

cogcentrations, from 3x10” down to 1 to 2 particles per
cm? is str~ssed,
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Dessens, He, 1946 ;

Les noyaux de condensation de l'atmosphére. C R, Acad
Sci, 223: 915-917 PRErSs T e

Observation of the shattering of salt particles, Discus-
ses condensational growth of 7 to 10 um radius salt par-

ticles deposited on thin fibers of the thickness of 0,01
um radius,
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Dessens, H., 1949

The use of spider's threads in the study of condensation
nuclei, Quart.J.Roy.Meteor.Soce, 75: 23-27

—————h "

Refers to the research by Koehler and Wright, The shatte-
ring of NaCl particles was observed, but it is relatively
rare, Collection of particles on threads (of 0,01 um in
diameter) made by small spiders is described, Electron mi-
crograms of spider webs and the morfological changes of a
salt nucleus caught on a spider web are shown.
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Dickson, D.R,, and J.V.Hales, 1963

Computation of visual range in fog and low clouds, J.Apple.
Meteor,, 2; 281

Visual ranges were computed for various values of extincti-~
on coefficient -for five sets of data appropriate to fog
and low clouds. The model involves the basic theories by
Allard (1876) and Koschmieder (1924). Four values of the

threshold of illuminaticn (Ei) which Haig and Morton deter-
mined were used in the Allarg theory computation,
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Dinger, J.E., HeBo,Howell, and T.A.Wojciechowski, 1970

On the source and composition of cloud condensation nuc-

lei in the subsident alr mass over the North Atlantic,
JeAtmos,Scie., 27: 791-797

Measurements of CCN at a supersaturation of 0,75% onbo-
ard an aircraft were made over the North Atlantic and
on the east coast of Barbados, Thermal diffusion chamber
was used with heated tubes up to 600°C, Over Barbados
50% of all CCN were nonvolatile similar to sea salt.The
fraction of volatile nuclei increased with altitude.Abo-
ve the inversion at the situation characterized by air
subsidence, all nuclei were volatile, Sea salt nuclei
were confined to the few km above the ocean,

2.7 - L}.E

Dinger,J.E., and R,E.Ruskin, 19,9

On the source of cloud nuclei, Preprints Conf, on Cloud .
Physics, Ft. Collins, Colo., August,

The method was similar to that described by Tgomey (the ae-
rosol passed through 6 tubes heated up to 600 C and after-
wards was introduced into a CCN counter)., Results of the
measurements over Florida, the North Atlantic and Barbados
island: Maritime air at Barbados contains less than 50%
of CCN of sea salt origin, Over the ocean the salt nuclei
are accumulated close to the surface and smaller nuclei

(sulfates) are concentrated above the inversion in subsi-
dent air,

2é2
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Dobgaliuk, Ju. A., 1969

Zakonomernésti rosta oblachnykh kapel pri impulsnom

rozvitii konvektivnykh oblakov, Trudy GGO, Leningrad,
239: S54-61

A simple one-dimensional model is described which in~
cludes a fluctuating updraft, The updraft ranged from
2 to 20 m/sec and the superimposed fluctuatiug compo~
nent had a time period between 1 to 30 min, No substan-~
tial difference was found in sizes of drops falling out
of a cloud with and without a fluctuating apdraft, Shor-

ter periods than 15 min. do not contribute much to the
cloud drop size evolution,

RS AN AR '*‘i‘-‘ﬂﬁ

- - - - by - Coil P
T T e T T X Yt:Aﬂv?’;‘ LT ’ L oF
4 : P e & TIRE CEWAD s J i B e [ PRI S S

et

LR SN

R

Vi

. i
) R s s G Ao NI P

2% P,
A o

Tt T,
.t

8

o "we

o o W




PRCrE—

g

LR uy;\:ﬁﬁ?‘ﬂ%ﬁ;ﬁw. R RN L

Doman, M.H., 1975

Flame scintilation spectral analysis of sodium chloride
in marine aerosol, in "Aerosols in Naturwissenschaft,
Medizin und Technik, Chemie der Umweltaerosole", Jahres-
kongress 1975 der GAF, 31-35

The use of flame photometry for the identification of so-
dium chloride aerosol is discussed,Measurements of the
amount of sea salt transport on the West German Atlantic
coast shows a spectacular bimodal distribution caused by
the superposition of the influence of the ''near aerosol"
and of the 'far aerosol'", At the wind velgcity greater
than 6 m/sec concentrations up to 85 ug/m” were observed.

205 - 4'3

Doman, M,H., 1976

On the size spectrum of sea salt nuclei as determined
with the Sartorius scintillation counter, in "Aerosole
in Naturwissenschaft, Medizin und Technik, Bericht der
4, Tagung GAF, 106-111

The measurement of the sea salt particle size distribution

was performed on the island of Sylt (North Atlantic) approx.

100 m from the surf zone during 18 months, The geometric
means of particle diameters were found to fall within the
range of 0,1 um to 0,5 um, Small particles predominated
when the ocean was calm, Larger particles were found du-
ring rough sea conditions, During white-cap formation mo-
re of the soluble organic material was involved in the
sea salt particle formation,

203 - l-l»oa

Duce, ReAs, Jo.GeQuinn, Ch.E, Olney, S.R. Piotrowicz,

Enrichment of heavy metals and organic compounds in the
surface microlayer of Narrangassett Bay,Rhode Island,
Science, 176: 161-163

Concentrations of lead, iron, nickel, copper, fatty acids,
hydrocarbons, and chlorinated hydrocarbons are enriched
from 1,5 to 50 times in the top 1.0 to 1.5 um layer of
Narrangasett Bay water relative to the bulk water 20 cn
below the surface., The metal enrichment was observed in
the particulate of organic fraction,Pollutants present

in the surface microlayer of the coastal zone may easily
be introduced into the atmosphere,

204 - 1.8 185
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Duce, K.4., ana A,H. Woodcock, 1971

Difference in chemical composition of atmospheric sea

salt particles produced in the surf zone and on the open
sea in Hawaii, Tellus 14: 427-435
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Previous chemical analyses showed zhat onli cloud droplets
formed on large nuclei of m = 10-12 to 10- hg coalesce

to forme raindrops in the orographic clouds. The authors
proved this hypothesis showing that concentrations of air-
borne particles (salts), cloud droplets and raindrops are
in accordgnce,It fiems clear that “giant" sea-salt nuclei
(of 107° to 10™'*g) are not, after all, essential to

: tge 3ceretional growth of raindrops in Hawaii orographic
i clouds,
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Duce, ReA., A.H,%Woodcock, and J,L.Mayers, 1967

Variation of ion ratios with size among particles in
tropical oceanic air, Tellus, 19: 369-379

ey
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High iodine-to-chloride ratio of sea-salt particles com-
parad with sea water and positive correlation with bin-

ding of organic substances containing iodine on small
nuclei was found,

204 - 2.8
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pufour, L., and R, Defay, 1953

Etude thermodynamique de la pression de saturation par
rapport a une gouttelette en suspension dans lfatmosph¥-
re, Publ, Inst. Roy. Meteorol, Belge.,Ser.B., 9: 20 p.

Derived are general formulas for the embryonal growth
of a mixed nucleus, which is composed of a soluble and

insoluble substance, As aspecial case the growth of so-
dium chloride nucleus is treated.
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Dufour, Lo, and R. Def&)’, 1953

Sur la formation des germes de condensation et de soli-
gificatégn autour d'un noyau solide insoluble, Tellus,
: 293~301

Discussion of the formation of germes of water drops

and ice crystals based on the knowledge of deposition
(condensation) coefficient is presented,

Dunham, S.B., 1960

Detection of photochemical oxidation of sulphur dioxide
by condensation nuclei techniques, Nature, 188: 51-52

The author suggests that the measurement of AN concen=-
tration can be used to determine very small reaction
rates of gases, He refers to a simple calculation by
Lacsen of the coagulation rate which shows that for con-
tinental aerosols the accretion rate has a maximum(si-
milar to the radon products deposition) below O.,1 um
radius, That means the particles produced by gas reac-

tions (e.g. photooxydation of S0,), should velong to
this size range,

Tolf = 1,7 = 2,1
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Durbin, W.G., 1959

Some aircraft observations of the vertical and horizontal
distributions of chloride particles, Geofis.Pura e Appl.
Le: 11

During 7 flights over the Canal Lamanche in 1959 was
found: The total nuclei concentration was several units
per cm~>, Compared with Schmidt there were lower concen-
trations of particles with R < 1,0 um apd larger concen-
trations of particles with R > 1,0 um, Enrichment of the
air below the cloud base on salt nuclei was found, The

nuclei concentration decreased relatively steeply with
the altitude,
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Durbin, W.G., and G,D, White, 1961

Measurement of the vertical distribution of atmospheric
chloride particles, Tellus, 13: 260-275

Sea-salt giant particles measured over the sea were cap~
tured on sensitized gelatin sheets and evaluated for dif-
ferent sizes according to the impactor stage, The data
show the decreasing concentration of nuclei with height
and the slope was in accordance with the exponential law,
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Easter, R,C,, and P, Hobbs, 1974

The formation of sulfates and the enhancement of cloud
condensation nuclei in cloud, J.Atmos. Sci.,31; 1586~
1594

Calculation of the production rate cf the (NHg) 50, ae-
rosol inside of the cloud explains the generatign f the-
se nuclel during evaporation of cloud drop in the air
which contained SO, and NH3. The Scott-Hobbs mechanism
might be active, bﬁt the rate is lower, Greater impor-

tance is assigned to the presence of NH3 than SO2 in
this process,

2,2

Elder,J,C,, HeJo.Ettinger, and R.Y,Nelson, 1974

Chamber studies of visbility-reducing aerosols, Atmos, LEn-
viron, 8: 1035-1048

Light.scattering coefficients for ceveral aerosols as a
functlgn of the particulate mass concentration were deter-
mined in the laboratory, The results are interpreted in

terms of the light scattering and visibility measurements
in the polluted atmosphere,

302 - 306

Eldridge, B.G.,, 1957

Measurement of cloud drop-size distributions, J.Meteor,
1h: 55-59

Optical method to measure the drop-size distribution in
clouds is suggested, Method goes down to 05 t5 1,0 um
radius, Concentrations from several to many thcusands
mainly in the range of particles smaller than 3 um were
weasured, Bimodal distribution measured o=n Mt.Washington
vas fougd. Secgnd pgak &t 5 to 8 um radius and concentra-
tion 10™ to 10~ cm™’, Important for visibility measure-
ments in clouds, It is not proven that the large number
of small droplets are identical with the nonactivated but
grown nuclei,
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Elliott, W.P., and R, Egami, 1975
CCN measurements over the ocean, J,Atmos.Sci. 32:371-37L

Measurements were performed over Pacitic Ocean ( 50 km
upwind of Oregon coast) 5 m above the sea surface, Ther-
mal diffusion chamber was similar to that of Squires
and Twomey(1966). Salt particles were determined by pas-
sing the air through milliporefilters ( and identifying
the particles according to Rossknecht et ai, 1973).
Values in eq, N= CSK were C (30 to 510) and k <0435
to 0.83).The bulk of CCN measured near the sea surface
are not chlorides,

265 = L2
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=Zlliott, %,P,, F.L.Ramsey, and R.,Johnston, 1974

Particle concentrarions over the oceans, J.Rech,Atmos,,

8: 939-945

2,500 AN measurements were made on board an oceanographi-
cal research vessel Glomar Challenger with the Gardner
counter over the Pacific, Indian ocean, the Mediterranean,
Caribbean and Gulf of Mexico, Closg to the continents the
concentrations surpassed 1,000 cm™’ and far from the main-
land the concentrations were around 300 cm~3, The particle .
sizeg gollow the log-normal distribution with a dispersion ;
s UeDe
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Ellison, J. Mek, 1954

Light scattering by polydisperse dust clouds, The physics
of particle size analysis, J,Appl.Physics, 66-71

-

For forward scattering the relative values of the contri-
butions of particles ¢f all dimensions have been calcula-
ted as a function of their diame¢ter, Two different approxi-
mate formulas for the angular distribution of the lighkt
scattered by spheres have been used: (1) that of Rayleigh
and Gans, and (2) Kichhoff diffiaction by ospague circular
discse.
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Elterman, L., 1968

UV, visible, and air attenuation for altitudes to 50 km,
1948, AFCRL-68-0153, Environmental Research Papers, Noe
285, April

Attenuation model for UV, visible and IR was deduced in
1964, New data are based on scattering (molecules and ac-
rosols) and ozone auvsorntion, Seven sets of aerosol measu-
remernts are compared and a profile of aerosol attenuation
coefficient vs, altitude is developed.Attenuation coeffi-
cients and optical thickness due to molecular, aerosol

and ozone attenuation are computed and tabulated, The ta-
bles permit calculations, including horizontal, vertical
and slant-path transmissions at kilometer intervals to an
§lgitude of 50 knm,

Elterman, L,, 1970

Relationship between vertical attenuation and surface me-~
teorological range, Appl,Optics, 9: 1804-1810

The author defines the limits of a haze regime., An examina-
tion of the haze regime, used in the sense of diminished
surface mateorological range, shows that the lower and up-
per limits can be compared with the visitility ranges 1.2
km and 15 km, respectively, The calculated relationship be-
tween surface haze and vertical attennation is based on
elght meteorological ranges and on the calculation of ver-
tical attenuation parameters,

346

Friks:on, é., 1959

The early circulation of chioride and sulfur in nature:
Meteorological, geochemical and pedological implications,
Part I,, Teilus, 11: 375-403

Using a Jifferent size distribution than Junge's one

the author calculated the total sea-salt content in a
colunn of air from the available data and for ditierent
locations: Hawaii - 11.,2; Caribbean - 7,2; Florida - 6.8
acd Central USA -~ 5,0 mg/m2, The assumption of the mean
settling rate of salt particles of 0.7 cm/sec (which cor-
responds to the mean particle radius of 5 um) leads to a
mean aerosol residence time of 8 days.

Note: Apparently too high altitude (S5km) of settling
salt aeroscl was asgsumed,

102 - 2.2 - l+.2
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Eriksson, E,, 1960
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The yearly circulation of chlorideand sulfur in nature:

Meteorological, geochemical and pedological implications,
Part II., Tellus 12: 63-109

The author claims that different arts of impaction are

the dominant factor for sea salt deposition over Scandi-

navia which is in its majority covered with forests.Also,

the proximity of the sea and the humid climate contribu-

te to the high concentration found on the ground, The

direct uptake of gases by the soil. should also be consi- .
dered, However, it seems that the release and absorption

of sulfur containing gases (SOa) at the earths surface
are nearly equal,
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Zschelbach, G., 1973

Conputations of the influence of aerosols on the atmosphe-
ric radiation balance in the visible spectrum, Cont.itmos,
Phys. 46: 249-261

“ne author calculates solar radiant fluxes in an atmosphe-
re containing aerosols, ilunerical solution of the complete
equation of radiative transfer includes polarization effects,
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Facy, L., 1951
Embruns et noyaux de condensation.J,Sci.Meteor,3: 62-068

Salt solution droplets with masses from 10-18 to 10-1h g,
do crystallize at relat., humidity < 70% and emit several

hundred of minute crystals which act as effective con-
densation nuclei,

23

Faraponova, GeP., 1965

Relation of transparency of the free atmosphere to certain
meteorological characteristics, Izve AN USSR, Atmos. and
Ocean,Phys, Ser, 1: 607

The ralationship between the aerosol component of the
coefficient of extinction ( A = O.44 um) and the state
of the atmosphere is studied, A change of atmospheric
transparency during the 24 hours period was found, The ro-
le of humidity and temperature inversion is stressed in
the study of the dependence of the extinction coefficient
on height,

346

Farlow, N,H., 1956

A physicochemical system for water aerosol measurement,
Jo Colloid Sci, 11: 184-191

Need for durable precislon collecting surface for water
aerosols led to development of a 35 mm film sensitive to
distilled water and sea water fog droplets in the size
range % to 100 um, The film is polyvinylalcohol containe
ing AghOz and Hfoa coated on a substrate of cellulose ace-
tate filim. Developing process includes UV-light, Droplets

with the content as small as 0,02% of NaCl can be distine
guished from pure water,
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Fenn; R.¥W.,

196G

Measurement of the concentration and size distribution
of particulates in the arctic air of Greenlarnd, U.S.

Army SignalResearch and Development iaboratory, USASRDL,
Tech,Rep, 2097: 1-14

In Gresnland the concentrabtion of AN were often bellcw

the 1imit of detectability by AN countar (about 20 cm'3)o

Fenn, ReWey 1966

Correlation between etmospheric backscattering and meteo-
rological range, Appl.Optics, 5: 293~295

‘The relation between the backscatter intensity and the vi-

sual range (extincticn coefficient) is studied. The various

parameters causing the chunges in visibility ( eege parti-
cle number, size distribution) result in different back-
scatter conditions., Different combination of these parame-~
ters might lead to the same final effect. For this reason
it becomes clear that such a relation cannot be a uniquse
one and several possible explanations lead to the observed

visibility range.

346
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Findeisen, W., 1944

Wasserdampf MAber_shttigungen bel der Wolkenentstehun

éinternal report of the Wolkenforschungstelle d, RWD),
rague

One of the first models describimg the evolution of salt

aerosol into a cloud drop spectirum, The author assuvmed
two updraft velocities ( 5 &

: gd 10 m/sec) and the concen-
tration of 100 nuclei per cm”’, Two different kinds of
nuclei were assumed according to their activity. The
droplet coagulation was neglected,Main results: The maxi-
mal supersaturation in the cloud is roportiona} to the
3/4 power of the updrafi velocity ang to tne(-1/2)power
?fgthe auclei concentration,
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Fischer, K., 1970
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Bestimmung cer dAbsorption von sichtbarer Strahlung durch
Aerosolpartikeln, Beitr,Phys.Atmos, 43: 244-254

T Sy

‘The order of megnitude of the imsginary part of the_com-
plex incex of refraction has been determined as 10~2, The
collected particles show with a good approximation grey ab-
corption, The imaginary part of the index of refraction is
a function of the humidity. Aerosol particles were collec-
ted with a jet impactor, Scattered radiation on the aero-

i sol particles was measured up to the angle of 420,

- 3.5 - 3.3

ol et L

Fisher, K., 1971

Bestimrung der Absorption von sicht harer Strahlung durch
Aerosolpartikeln, Beitr.Phys.Atm. 43: 244254

The author describes the method for calculating the imagi-
nary parcv of the complex refractive index, The experimen-

tal approach to the problem and some results of measure-
ments are described,

363

T TR

Fischer, K., 1976

The optical constants of atmospheric aerosol particles in
the 7.5 ~ 12 um spectral region, Tellus 13: 266-274

Thin films of atmospheric aerosol particles have been col-
lected by an automatic jet impactor and used for the de-
duction of the real and imaginary part of the mean complex
refractive index of aerosol particles in the 7,5 - 12 um
spectral region, A dispersion analysis of the measured IR-
spectra of absorption of the particle film was performed.
i theoretical relationship was found between the optical
constants of the films and those of the aerosol particles.
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Fischer, K., and G, H¥nel 1672

Bestiminung physikalischer Eigenschaften atmosph¥rischer
Aerosolteilchen @ber dem Atlantik, "Meteor" Forsch, =-
Erg. B, 8: 59-62

During a cruise of "Meteor" aerosol samples have been
taken with an impactor and the following parsmeters
measured: the imaglnary and real part of the index of
refraction, the aerosol density and relative humidity,
The mean density and the mean complex index of refrac-
tion have been found to decrease with increasing humidi-
ty. Around 75 % occurred an hysteresis effect which was
strongly dependent upon aerosol composition. An error
analysis of the procedures is attached,

3¢5

Fitzgerald, J.W., 1970

Non-steady-state supersaturations in thermal diffusion
chambers, J,Atm,Sci,, 27: 70-72

finalysis of the non-steady state in the diffusion chamber
leads to the conclusion that when the incoming air sample
is saturated and colder than the top plate the basic as~
sumption (Squires, Twoney, 1966) that the maximum supersa-
turation will be attained at the center of the chamber, .
does not hold, 'le have to analyze the non steady case show- :
ing that after approx. 0,3 sec in the center of the cham- :

ber will the supersaturation three times outnumber that
expected,

56

L LR )

Fitzgerald, J.W., 1970

ket mvrr b Al el o

A re-examination of the classical theory of the growth
of a population of cloud droplets by condensation,
Conf, on Cloud Physics, Ft, Collins, Colo. Auge.,lll-1l1l2

Calculation of the cloud drop size evolution in a warm
cloud has been performed, As a basis an improved classi-
cal droplet growth model has been used and different
forms of nuclei supersaturation spectra applied, such

as Twomey's model for continental aerosol and Jiusto's
model deduced from the measurements on Hawailan Islands,

The calculated cloud drop spectra are close to to those
observed in nature.
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Fitzgerald, J.W., 1974

Effect of aerosol tomposition on cloud droplet size di-
stribution: A numerical Study, J.Atmos.Sci.31:1358-1367

Numerical one dimensional model was used for the calcu-
lation of droplet size distribution in dependence of

the amount of soluble substance (NH;)pSO, in the nu-
cleus, This amount is different for gontinental and ma-
ritime air. The effect of mixed nuclei is, however in-
significant compared with pure salt nuclei and also *the
size dependent amount of a soluble substance. The calcu-

lated droplet spectra are in reasonable agreement with
nature,

*

Fitzgerald, Jetlay 1977

Bffect of relative humidity on aerosol distribu?ion,and
visibility: Mcdeling studies, Proc.Conf, oOn Op?lcal/Sub-
rillimeter Atmos. Propagation. Office of the Dir.Defense
Res, & Engin. 155-164

Approximate formulas for scluble and partly soluble parti-
cles were derived to describe their ggowth at different re-
lative humidity. Combined with the formula for a_dgy aero-
sol size distribution the effect of relative humicdity on
visibility was calculated, Comparison with the measure-
ments in fogs yielded good agreement.
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Fitzgerald, J.W.,, and R.E. Ruskin, 1977

A marine aerosol Model for the North Atlantic, submitted
for publication ( NRL, Washington D.C.)

Discussed are the measurements by Jaenicke et al,(1971),
and Meszaros and Vissy (1974): In the size range above
r = 0,1 um the maritime aerosol is composed of a back-
ground aerosol of continental origin and a sea salt com-
ponent, Sea salt nuclei predominate above 1 um radius,
Generally, the concentration of continental background
aerosol between 0,3 and 1,0 um does not exceed the con-
centration of sea salt particles of this size.(NH,)2S04
is a principal constituent in the size range of 0,1 ~
1.0 um radius, Lovett?!s measurements in the North At-
lantic (1975) support the Junge's distribution,
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f Foitzik, L., 1938

Uber ¢ie Tichtdurchllssigkeit der stark getriibten AtmosvnH-

re¢ im sicatbaren OSpektralbereich, 'iss,.ibhandl,reichsanmt
‘etterdienst, :l0.5, 21lpn.

[T

reatise on visibility in polluted atmosvhere includes
iscussion 2bout the influence of humicity. .t humici-
s below 95 particles of 21) sizes grow fairly uniforn-
50 that their rize distribution <does not change ruch,
ove 95 werticles of zll sizes ¢o not grow unifornly,
rger rerticuletes grow facter, Just »rior tc the onset
tog formztion, one shoud expect a sudden change in vi-
Dility, The obecervation supports this theoretical con-~
usion,
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Forster, H., 1940

"Studie Uber Kondensationskerne', Promotionsarbeit,
Eidgenbssische Technische Hochschule, ZuUrich,pp. 1-163

The investigation of the possible sources of Aitken
nuclei and of their function in the atmosphere, Inclu-
des a survey about AN studies before the World War II,
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Fournier d'Albe, E.M., 1951

i ALY

Sur les embruns marins, Bull,Inst,Oceanog. no.995, 1-7

i

The author measured the size distribution of giant salt
nuc. -1 over the Bay of Monaco. He fopnd a change in the
slope of the pﬁrticle size distribution aroupd the par-

ticle size 10~%g at wind velocity of 9 msec™t(similar to
Moore ané Mason),
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Fournier d'Albe, E.,M., 1955

e e -y

: Giant hygroscopic nuclei in the atmosphere and their ro-
P le in the formation of rain and hail. Arch.Meteor.Geophys.
- Biokl., 8.(A), 216-228

Lo The author measured in Pakistan at three stations sea
Lo salt nuclei by a method described by Wocdcock and Gif~
P ford (1949). Near the sea (Karachi) he found giant salt
: nuclel ig the concentration range between 8/m2 (winter)
to 700/m” (during,monsoon);_at Hyderabad (100 km from
the sea) from 4/m3 to 200/m>,

L2

MR e R O I et A O LR B B

Frank,E.,R,, J.P., Lodge, and A, Goetz, 1972

Experim-ntal sea salt profiles, J.Geophys.Res., 77:
5147-5151

| There is no substantial difference between the number

t of particles collected at an altitude 1 and 15 m above
the ocean ( Santa Barbara, Catalina Islands), Mean dia-

meter of chloride particles was 2 um, Concetrations ran-

ged over a wide span from a few thousands to a few mil-

lions of particles per cubic meter, Sulfuric acid and

sulfates were predominant,

TR AN
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2e5 = 244 - 442

I Friedl¥nder, S,K., 1960

Similarity considerations for the particle size spectrum
g zggahggagulating, sedinenting aerosol, J.Meteor, 17:

Size distribution is explained as an interaction of co-
agulation and sedimentation., He assumes that the upper
end of the size spectrum tends to approach a quasistati-
onary state into which matter enters by coagulation from
the Altken range and from which matter is lost by sedi-
mentation at the same rate, The calculated distribution
curve is not in disagreement with the observation.
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Friedlander, S.K., and G.M. Hidy, 1969

New concepts in aerosol size spectrum theory, Proc. 7th
Int,.Conf,Condens,Ice Nuclei, Prague-Vienna, 1969, Acade-
mia, Prague, 21-25

‘lhen coagulation controls the evolution of the size dis-

tribution of particulates, the distribution of aged dis-

persions approaches an asymptotic form, independent of

the initiel distribution. This asymptotic distribution )
is completely determined by the particle volume, total

number of particles per unit volume of gas and the vo-

lume fraction of dispersed phase, The authors show that

in the case of tobaco smoke and atmoespheric aergsol with

5-31.0 um "self preserving'distribudion is justified,

Fuchs, N,A., 1969

Recent progress in the theory of transfer processes in
asgrosols at intermediate values of Knudsen number,

Proc, of the 7th Int, Conf, Cond. Ice Nuclei, Prague-
Vienna, Prague, 10-16

Transfer at intermediate Kn values can be solved only
on basis of Bolitzmann kinetic equation, The author de-
scribes mainly the work by Brock and Willis and the sim-
plification leading to the linearization of the kinetic
equation, The calculated rate of drop evaporation is
compared with the model by Sahni and Carcignani and Pa-~
gani. An application for momentum transfer and Brownian

coagulation and comparison with few experimental data
are mentioned,

- 102 - 109

Fymat, A.L., 1974

Determination of the complex refractive index and size
distribution parameters of clouds and aerosols, Rep. of

Proc, IAMAP -~ TUGG Assembly, lMelbourne, IAMAP Publ, No.,lb5a,
Toronto, 83

The author discusses the results of numerical experiments
aimed at demonstrating the capabilities of the author's
I'inimization Search Method in retrieving the complex
index of refraction and the model parameters of typical
size distributions from scattering measurements, Exemples
include the calculation of the real refractive index of a
single particle and of monodisperse aerosol and of the

complex refractive index of terrestrial and Venusian
aerosol, 100
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Grertrer, H., 1947

P The transmission of infrared in cloudy atmosphere, ¥aVORD,
' Bep. 429, US Gov. Print,CGfifice.

The treatice on atmospheric IR radiatiovs is divided into

three main spheres: &) attenuation of light in an atmosphe-
re free of cloud and fog elcments (scatiering by permanent
gases, water vapor molecules, small particulatss and szelec-
tive absorption by permanent gases and water vayor); B} et~
tenuation of light in foz {theory of lisht scattering and

absorpticn, transmissivity in natural enc artificial fogs);
C) attenuation of light in rain.
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m..V,!?m~ DR

3.2 ~ 3ab = 3,6

Gal, 3., 1976

Particulate cloud diagnostics with optical measurements
(mathematical model), Lockheed Palo Alto Research Labora-
tory, LMSC-DS502379, April

Characteristics of the radiation scattered by a unit volu-
me of atmosphere, containing suspended particulates de~
pends on two asrosol properties: 1) Properties that appe-
ar as parameter in the Mie theory: relat. index of refrac-
tion, particle size and size distribution, 2) Properties
that involve an approximation, such as the shape of the
particle, orientation relative to the scattering plane,
ané optical depth, i.e. single or multiple scattering.
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Gal, G., 1976

P e

Particulate diagnostics with optical measurements, Lock-
heed Palo Alto Research Laboratory, LMSC-D506 765, lork-
shop on remote sensing of marine boundary layer, 9 August,
. Vvail, Colc,

Loz far b

Various efforts of Lockheed Palo Alto Research Laboratory ,
include: A diagnostic method to obtain the particle zize :
distribution and index of refraction., Extinction of iie ‘
theory in order to describe the scattering from polydisper-

sions, chaff optimization, particulate diagnostics via
matrix inversion technicues,
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Garrett, W.D., 1967

The organic chemical composition of the ocean surface,
Deap~-5ea Res. lhi: 221-227

Samples of the sea water were collected from the Atlgntic.
Pacific ocean, Guli of Lower California, Gulf of HMexico,
Ray of Panama in order to determine surface-active, chlo-
roform~-coluble components in the cgea surface. Analysis
was made with aid of gas chromatography. The major cons-
tituents found in the samples were: fatty esters,; free
fatty acids, fatty alcchols; hydrocarbons,The distribu-
tion of fatty acids and alcohols varies according to me-
teorological and cceanographic conditions,

2.8

Garrett, ¥.D., 1974

The surface activity of petroleum and its influence on
the spreading and weathering of oil films at sea,
J.Rech.Atmos; 8 : 555-562

Due to the spreading of petroleum over a large surface
area the test fracticn of surface active substances
and vola.. . substances is transported into the atmos-
phere by evaporation., The residues at the sea surface
become progressively enriched in less volatile compounds
which contain oxygen, nitrogen and sulfur. This conclu-
sion has been supported by laboratory film balance mea-

surements of a series of crude 0il aad petroieum pro-
ducts,

1.8

Garrett, W,D., C.0, Timmons, N.L.Jarvis, and R.E.Kagari-
se, 1963

Constitution and surface chemical properties of sea
slicks, Part I, - Bay of Panama., NRL Rep. 5925, 16 pp.,
U.Se Naval Res, Lab,, Wash. D.C,

Most of the samples revealed the presence of fatty acids,
esters, alcohols and hydrocarbons, Under zero surface
presgure about 0,7 ug of surfactant covered an area of

1 cm<,
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Gebhart, J., &nd C, Roth, 1973

Particle sizing by means of small angle scattering in the
light beam of a mercury lamp, in "Aerosole in Physik, Medi-
2in und Technik", Jahreskongress d, GAF, 4l-4l4

The authors analyse the function of an optical zerosol spec-
trometer, The main elements of a high resolution instrument
are a suitable calibration curve and the aerodynamic focu-
sing ¢of the aeroscl flow, It 18 not favorable to cover the
vhole size range from 0,05 to about 5 um with one instru-
ment, %elow the wavelenght of the light used laser ilumina-
tion 1s to be preferred, Above the wavelenght small angle
scatiering in white light is recommended,

57

Georgievskiy, Y.S., and G,V. Rozenberg, 1973

Humidity as a factor in aercsol variablility, Atmos,
Oceanic Pnysics, 9: 66~71

The influence of relative humidity on the transformati-

on of atmospheric aerosols is studied on the basits of

the variation of the scattering coefficient over the

spectrum, This influence becomes important even at

ReHe= 20-30%, The properties of condensation nuclei are

the dominant factor, The submicron particle fraction of

the aerosol is responzible for the turbidity of the at- :
mosphere in the visible range, The coarse fraction con- ! X
tributes to the turbidity at higher wavelenghs ( A > ;
1.5 um) and higher relative humidity ( R.H, = 80-85%).

362

Georgii, HoW., 1959 :

SiwanrT e

Neue Untersuchungen #ber den Zusammenhang zwischen at-
mosphérischen Gefrierkernen und Kondensationskernen,
Geotis.Purae Appl, #2: 62-72

EAE R

Study of the relationship bstweer ice nuclei ard aero-
sol siz2 spectra: The giant particles provide the ice

nuclei which become active at the highest temperatures,
Activation temperature decreases with decreasing parti-
cle size and is about -3C°C for Aitker nuclel, One can

conclude that most active ice nuclei sre ainmeral parti-
cles from the soil,
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Georgii, H.W., 1965

P I I AT

Y LR Y

Untersuchungen fiber Ausregnen und Auswaschen atmosph¥ri-

scher Spurenstoffe durch Wolken und Niederschlag, BRer.
Deutsch, ‘Wetterd, 14, No., 100

A general picture of the mechanism ¢f rain out and wash
out is presented, Cenclusions from the theoretical studies

are applied for the explanation of the measurements per-
iormed in the atmosphere,

Vav g

1.2 - l’l}

Gecrgii, H.i. 3 1-975

Recent research on atmospheric cloud nuclei, Proceedings

of the 8th Int.Conf, on Lucleation, Leaingrad, 1973, Gi-
drometeoizdat, Moscow, 398-403

An analysis of the role of nuclei in cloud forming proces-
ses 1s presented, Spectra of cloud nuclei for different
maritime conditions show different concentrations at con-
stant supersaturation due to a different contribution of
admixed continental background aerosol (Junge). 50% of nu-
clei above the ocean surface are sea salts and their num-
ber decreases strongly with altitude. Mixed nature of ae-
rosols prevails. The increase ir cloud nuclei concentra-

: tion could lead to a decreased efficiency of rairn formati-
: on,

2.1 -~ 2,2

wiie -

Georgii, H,'i,, 1975

Grossriumige Untersuchung maritimer und stratosphlrischer
ferosole, in "Aerosole in Haturwissenschaft, ledizin und

:

¥

£

3

#

2 Technik,.Chemie der Umweltaerosole', Jahreskongress der
: G.F, p. 16-21

5.

¥

¢

sacxgroun” aerosol cver the ocean nas the following festu-
res, Cnly up to 2 km avove the ocean surface sne can find
the szlt rarticles. Sulfate bearing particies represent ire
majority of the paﬁticle content between the size rznges
r=2x10-2 zn¢ 1x10~% um, lost of the particuiates revezl th:
composition (i'H )230 and the surplus of sulfates in mari-
time aerosol coﬁ areﬁ with the sulfate content of sea water

amounts to 5 or 6 times, Tuis surplus is malnly confined to
the particle size range 0.l <r < 1.0 um,

4.2 - 4,1 104
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Georgii, He.W., and G.Gravenhorst, 1972

Untersuchungen zur Konstitution des Aerosols Uber dem At-
i Jantischen Ozean, Meteor, Rundschau, 25: 180-181

Ocean during the cruise of the research vessel “Meteor"
<hov clearly tha%: 1) the ocean surface is not the main

The measurements of the sulfate aerosols over the Atlantic }
source of maritime aerosol, 2) the sea salt aerosol repre- ‘-
{

T P+ en vk NS BLET

sents only a small portion of the total aerosol content,
Sea salts are confined to the planetary boundary layer (up
to 2 km altitude), 3) the sulfate aerosol and the insolubl-
particles represent the ma jority of the maritime aerosol in
the radius range between 0,2 and 1,0 um,

Ll-oa - 1¢l+

-

Georgii, h.W., and A,L, Metnieks, 1958

An investigation into the properties of atmospheric free-
zing nuclei and sea~salt nuclei under maritime conditions
at the west coast of Ireland, Geofis.pura e appl. 41l: 159

"Stufen~-Konimeter' measurements at the Island Valentia
1958, A good response between wind velocity and ruclei
concentration similar to Schmidt's data, has been found,
but not so strongly expressed, '

1—{-02 - 2.5 - 2.9

Georgii, HeW., und E. Weber, 1960

The chemical composition of individual roinfulls, Teche
Nuie, Contrect AF6L (052)-249, PP 1-28, Hir Force Caum-
hridge Research Center, Bedford, Mgssachusetts

Found that concentration of several constitusnts in
rainwater is roughly twice as high in rainfalls after

a dry period or at least 3 days than in rainfalls after
a dry period of less thap 12 hours . The largest varia-
tion of particle amount (per unit of volume of rain)
was found in the case of very light rain (B< 1 mm) due
to the possible evaporation of drops.
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Gerber,H.,E,, W.A,Hoppel, and T.A.Vojciechowski, 1977

Experimental verification of the theoretical relationship

between size and critical supersaturation of salt nuclei,
JoitmoseSci,, 34: 1836-1841

& polydisperse aerosol of NaCl and (NH,).SO, salt parti-
cles was passed through or a Goetz cen%rifuée or through

a2 mobility analyzer into the therm2l gradient cloud cham-
ber, The threshold suversaturation for activating nuclei
was recorced, The critical supersaturation found for near

ly monodisperse aerosols agreeded well with the theoreti-
cal calculation,

t

1.5

Gerhard, E.R,, and H,F, Johnstone, 1975

Photochemical oxidation of sulfur dioxide in air,
Ind.Eng.Chem, 47: 972-976

SO0, is oxidized in bright sunlight at a rate of 0.1 to
0,2% per hour, forming H2S0, droplets when traces of
water are present, A concentraticn of 10 ug/m> of SOp
would yield about 0,03 ug/m> of H2SO4 per hour which

corresponds to the following rates og particle produc-

tion: r = 5 x10-3 u 1 x 102/ cm3 hr
r=1x1l0-2u 1 x 104/ cmd hr
r=3%z10-2u 3 x 102/ cm? hr

However, several other processes complicate a simple mo=~
del (e.,gs primary clusters formation),

2.1

Giddings,".P., and M,B,Baker, 1977

Sources and effects of monolayers on atmospheric water
c¢roplets, J.Atmos,Sci., 34: 1957-1964

Survey on the influence of surface active substances on
the transport of vapor molecules towards a water droplet
is presented, A simple model is applied for calculating
the grcwth rate ¢f cozced droplets., It shows that the pri-
mary effect of surfactant is to decrease the steady-state
portion of the droplet growth rate, 4 kinetic mechanism
is proposed to describe the effect of a monolayer on the
droplet growth and on the deposition coefficient,
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Gillette, D,A,, and Blifford J.H.,, 1971

3

3 |

il !

4

K !
i

Composition of tropospheric aerosols as a function of al-
titude, J.Atmos, Sci, 28: 1199-1210

T e

A serie of flights were performeZ in order to measure the
aerosol concentration over Nebraska, California and Paci-
fic Ocean up to 10 km altitude with a three-stage impac-
tor. Chemical analyses were made by means of X-ray tech-
nioues, The concentrations of Cl1, S, K, Ca and Ti decreas-
ed rapidly from the ground up to 1 km and then remained

. . almost constant up to 10 km, Low Cl concentration indica-
| tes a small sea salt contribution to the aerosol composi~

tion at higher altitudes, Mass median diameters of parti-
cles wiere = 0,3 unm,

27

T T e

Goetz, A., 1960

Ursprung, Verhalten und Bestimmung der Submikronen -
~Aerosole des Smogs, Staub, 20: 303-308

Organic material on aerosols collected in Los Angeles
retards or prevents the evaporation or condensation.

A description of the experiments which illuminate the
nature of the substances involved are described,

1.8
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Goetz, Ao, 1965

The constlitution of aerocolloidal particulates above oce-
an surface, Proc, Int., Conf, Cloud Phys, Tokyo-Sapporo,

L2

gt

PREp

The author states that because a natural organic film
would concentrate at the surface of an evaporating 4rop,

it might stabilize sea fogs at low humidities and create
a2 rather permaneni haze,
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Goetz, A,, 1957

An instrument for the quantitative separation and size-cla-
ssification of air-borne particulate matter down to 0,2
micron.,, Geofis, Pure e Applic, 3%6: 49-69

The author discusses the theory of aerosol deposition in
a centrifuge, The factors determinimg the particle beha-
vior are: Radius and angular velocity of the helical chan-
nel, radial with of one channel, and relesiive velocity be-
tween air and channel, Individual parzm..ters are analyzed
and related to the described model of « cent:'ifuge which

was calibrated with five monodisperse aerosois, ranging
between 1,19 and 0,19 um,

505 il 1.92

Goetz, A,, and 0.,Klejnot, 1971

New methods for studying photochemical formation of aero-
colloidal matter in the ambient atmosphere, Proc, 7th Int,
Conf, Cond, Ice Nuclei, Prague-Vienna, 1969, Academia,
Prague, Supl, Vol, 139-140

Using an UV~ irradiation cascade the influencr of radiati-~
on nuclei formation of HC was studied : In clean air rre-
dominantly the larger molecules ( < Crs) contribute to <vhe
aerosol formation, and among these thg unsaturated (ole~
fins) are much more reactive than the aliphatic and aroma-
tic (cyclic), The presence of moisture, traces cf S0, and/
or NH3 have a large effect in the reaction itself,

1.8

Goetz, A., and O. Preining, 1960

The aerosol spectrometer and its applicaticn 10 nuclear
condensation studies, In "Physics of precipitation®, Mo~
nograph, 5, NAS-NRC Nc.?746, Am.Geophys.Union, Washing-
ton, D.C., 164-182

The authors collected natural aerosols in forests and
mountains, and in desert in the western part of the
USA with an aercsol spectrometer over the radius range
of 6,09 -~ 0.5 um. A repeated evaluation of the samples
after time intervals of days showed that the smallest
particles apparently decréased in size and /or in num~

ber, This can be explained by the slow evaperation of
volatile organic substances,

1.8 i ioe

. [ -
oy Fan s

ARt % e A MARORA e 3 AL

n Y # . v A e LK A‘q‘;‘x,‘:q&q‘:‘w e
SN SN S U SN ST S S S YA PT R WS- et

7

t
wy ey
‘gﬁ:"’ I b A L F A G e by b 3B o mbat T e




O PITERY

pyyOTs

.M"Wnrw%??mﬁglw%m'v rExariare

L & v o it s s et

T I T

Goldsmith, P,, HeJ. Delafield and L.C. Cox, 1961

Measurement of the deposition of submicron particles in
gradients of vapour pressure and of the efficiency of
this mechanism in the capture of particulate matter by
¢loud droplets in nature, Paper pres, at the Int, Sympo-
sium on Condensation Nuclei, Heidelberg, Geofis, pura e

The measurements have been performed with the aerosol
deposition on a growing droplet under a vapor gradient
G ?mb/cm) for aerosol size between 0,03 and 0,1 um, The
deposition velocity v=2x10~4 G (cm/sec), Conclusion
has been made that the Facy effect is quite unimportant
for rainout,.

1.2

Goodman, J.K., 1976

The microstructure of Cslifornia coastal fog and stratus;
Rep. No. 76-09, Dep, of Meteorology, San Jose State Uni-
versity, San Jose, Sep.

Measurements on the 250m-TV-tower enabled an analysis of
the microstructure of the California fogs. The mean drop
diameter w%s 4,5 to 8.3 um, Droplet concentration: 120

to 260 em™”, LWC; ( %_of the true values) from 5¢3%10~3
g/m3 to 6,07x10~2 g/m3, Nuclei_concentration: AN 2,000/cm3
in the}inversion and 1,200 ¢m™” on another day. CCN:
N=20CS%£, k= 0,5; Cvaried from 385 to 1238,
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Goodman, J.K,, and A, Miller, 1976

Mass transport across a temperature inversion, Dep. of
Meteorology, San Jose State Univ,, San Jose, Repe No. =
76=-10 tiov,

Transport of particulates trough the temperature inversi-
on was Observed:1l) The concentration of trace elements

in aerosols increased above the inversion base, 2) When
the inversion is not extremaly intense, the diurnal vari-
ations of the nuclei concentration above and below the
inversion base are well correlated, 3) The concetration
of sea salt nuclei cues not decrease with height above
the inversion than it does below,

: 109
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Gorham, E, ’ 1958

The influence and the importance of daily water condi-
tions in the supply of chloride, sulfate and other ions
to fresh water from atmospheric precipitations,
Phil,Trans.Roy.Soc, London, B 241: 147-178

With increasing amount of precipitation there is a des
crease in the concetration of sulfates, nitrates and
chloridgs The slope can be approximated by a power
law h-Oe3 ( h is the precipitation amount), Steep de=~
crease of Cl' concetrations measured as a function of
the distance from the seashore, was observed,

o3

Goroch, A.K., 1977

Comparison of aerosol. growth relationships, (private com-
munication) February, pp. 9.

Particle growth factor (ratio of the mass of the “wet" par-
ticle to that of dry one) was calculated as a function of
relative humidity from Fitzgerald's, Katz's, Well's et al.,
Bernhardt and Streete's and Hidnel's formulas and potted in
a diagram, Large discrepancies exist between individual
formulas, Relati~ely good agreement exists between the mo-.
dels by HHnel, Fitzgerald and Wells et al, at humidities
larger than 80%, Hysteresis effect might overshadow any
change in relative humidity 40% < R.H. < 100%.

1.5 - 3.1

Grabovskii, R.I., 1956

Atmosfernye iadra kondensatsii, (Atmospheric Condensation
Huclei), Gidromet.Izd., Leningrad

The monograph treats the condensation nuclei function in
the atmosphere, different methods of nuclei measurement
eod summarizes the results of measurements of AN and of
clouc¢ condensation nuclei. It contains many references on

Russian investigations in the domain of condensation nu-
ci i prior to 1955,

| 110
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Graedel, T,.E,, 1974

PP AR Nt

Channel width determination and electronic pulse proces-

sing losses in optical particle counters, J.Aerosol Sci,
5: 125-131

Serious inaccuracies and limitations can originate in op- -
tical particle counters as a result of pulse height analy-
{ sise, It is shown that the mean particle size recorded on
the several pulse height analyzer channels vary with the

shape of the size distribution curve of the aerosol being
measured,
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Grams,G.W,,I.H,Blifford,Jr.,D.A.Gillette, and P,.B,Russell,
1974

Complex index of refraction of airborne soil particles,
JeAppl.Meteor’', 13: 459-471

The angular variation of the intensity of light scattered
from a collimated beam by airborne soil particles and the
size distribution of the particles were measured simulta-
neously 1.5 m above the ground, These measurements gave an
estimate of the complex index of refraction, From the mi-
croscopic analysis a value of the real part of the refrac-
tive index was determined (1.,525) which is representative

for airdorne soil particles, The upper limit of the imegi-
nary part was determined to be 0,005.

345

IR

roer. =

Grant, L0 P} 1971

Report on the Seconé¢ International ‘Jorkshop on Condensati-
V.

on and Ice MNuclei, Dept.Atmos.Sci. Colorado State Univ,,
Fort Cellins, pve. 149

i
The report includes the description of the facility and ;
aerosol generating techniques used during the workshop at
Fort Collins, The comparison and description of indivi- z
: dual counters (AN, CCN, and IN) is attached, |
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Gravenhorst,G,, and J.Muller, 1977

Mags distribution of aerosol components over the North At-
lantic, Vol., of Abstr. 9th Int.Conf.on Atmos.Aerosols, Cond.
and Ice Nuclei, Galway, 151

Impactcr sampling has been performed over the North Atlan-
tic and the different behavior of metal components and con-
stituents (SO% NH,, H ) shown, Half of the sulfate and
practically a l’amm%nium did not originate in sea salt, Me-
tal components were separated into insoluble and soluble

part and the potential influence of Sahara dust was investi-
gated.

l.4

Green, %.D,, 1972

Maritime and mixed maritime-continental aerosols along

the coast of southern California, J.Geophys.Res. 77:
51525150 ? Py /

Tpe study of the aerosol nature during onshore winds (day
time) and offshore winds (night), The main attention has
beel. paid to the interaction between oxides of nitrogen
and sodium chloride particles,Results: Large scale mixing
of NO, fom continental air with reactions between salt
particles and the gas is postulated. More than 90% of

the particles sampled contained salt if they were in th.
range 5,5 to 7,0 um, :

1+02 - 101}

Greenfield, S.M., 1957

Rain scavenging of radioactive particulate matter from
the atmosphere, J.Meteorol, 1l4: 115-125

Considering only the Brownian coagulation and the micro-
turbulence the author found that a minimum in the rate

of “"wet" removal is in particle radius between 0,05
and O,1 um,
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Grosch, M., 1975

Elementaranalyse von atmosphdrischen Aerosolen, in "Aero-
sols in Naturwissenschaft, Medizin und Technik, Chemie
der Umweltaerosole", Jahreskongress der GAF, 82-85

Aerosol samples were taken on Schleicher & Schill filter

for neutron activation measurements over the North Atlan-
tic, in Frankfurt and in the Alps. Over the North Atlan-

tic the concentration ( in ug/m>) was as follows: H 0.002
7n 0.,05; CL 3.6; Na Z.2; Fe 0.2; K 0,28; Br 0,01; Mn 0,23
and Cr 0.07. Na, Cl, K and Mn concentrations over the

sea were much higher than at Frankfurt and were confined

to larger particulates,

2oy - ko2

Gucker, FoTe, 1949

Determination of concenitration and size of particulate mat-
ter by.light scattering and sonic techniques, Proc,First
Nat, Air Pollution Symp., Pasadena, 14-25

Description of different methods (photoelectronic, electro-

?Eatic and sonic) for particle counting are discussed brie-
Yo

5.3 - 507 - 5015
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Gucker, F,T,, 1956

Aerosol particle counters, Proc, of the 11l-t il
Waste Conf,, 284~312, May’ e 1l-th Industrial

Extensive description of the following methods is presen-
ted: 1) collecting the particles on sgitable slideg ang
counting them, 2) particle counting by means of: a) elec~
tyostatlc cdeposition, b) light scattering, c¢) visual coun-
ting, d) photographic counting, e) photoelectronic coun-
ting (Gucker), f) aerosoloscope (Fisher, Katz),

5¢3 =~ 5.7 - 5.15 113
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Gucker, F,T.,, and D,G,Rose,

1954

A photoelectronic instrument for counting and sizing aero=~

30) particles, The physics of particle size analysis,
JeipplePhys, 138~143

The instrument collects light scattered between 1° and 24°
in forward directions and focuses it upon a photomultiplier

tubs, Pulses are magnified and counted, Instrument counts
pai cicle down to 0,17 um radius,

Gumprecht, R.0., and C,M, Sliepcewich,

1951

¢
Tables of Light Scattering Functions for Spherical Par-
! ticles, Ing.Res.Inst., Univ, of liichigan, 574p.

PO X Yt Jae

v -

in extension of the.tsbles pudblished by lat.Bureau of
i StanCards, 1949, The present tables sxtend the calcula-
tions up to 60 um diameter of particles,
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Hale, G,lM., and M,R,Querry, 1973
Optical constants of water in the 200 nm to 200 um wave-
length region, Appl. Optics, 12: 555-563

EZxtinction coefficients for water at 25°C were calculated
through a broad spectral region by using the available data
of optical refraction of water for the region 200 nm to
200 um.,’

305 - 30#

Harris, F.S.,Jr., and M,P,McCormick, 1974

Scattering properties of an aerosol combining differing re-
fractive indices and size distributions, in "Aerosole in
Naturwissenschaft, Medizin und Technik", Jahreskongress
GAF, p. 149-154

Models with a wide var®~*y of complex refractive indices
nave been used and co: .d with the actually measured par-
ticle size distributio. The combination of the Junge's
distribution with the Deirmendjian type was used, It was
convenient to devide a size distribution initially into

six log-nornal components, The authors conclude that an ap-
propriate selection of size distribution and of complex re-

fractive index enable to simulate the behavior of aerosols
in nature,

342

herrison, ., J. ferbert, and .,P. aggoner, 1972

E@e—theory computations of lidar anc¢ nephelometric scatte-
ring nareneters for povier law aerosols, Appl. Cptics, 11:
2880-28E5

The ratio of lidar backscatter to nephelometric total scat-
tering cross section have been computed for Junge's aero-
501 particle size distribution., Various parameters of size
distributions, indices of refraction, ard of inhomcgeneity
of the scetitering particles were assumed, Conclusion:Choo-
sing suit~ble parameters one carn obtain an agreement bet~
ween cenputed and observed backscatter ratios., The differen-
tial scattering provlen briefly is discugssed,
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Hasenclever, D, 1954

Bestimmung des Feinstaubgehsl. ~ Luft; eine Ubersicht

tber Messgertite und Messverfah Chamie-Ingenieur-Tech-
nik, 26: 180-187

The author discusses approx. 30 & “ferent instruments

(mainly classical) which are us2d 1.. a narrow size dis.
tribution of aerosols,

502 - 503 - SoL} - 507

Haugton, H,G., 1932

The size and size distribution of fog particles,
Physics, 2: 467-475

5¢2

- R

H¥nel, G., 1968

The real vart of the mean complex refractive index and the

mean density of samples of atmoegpheric aerosol particles,
Tellus, 20: 371-379

The author describes the procedure enabling him to measu-
re the mean complex refractive index and the mean density
of aerosol particles, A theoretical model has been esta-

vlished to determins these parameters at different environ-
mental conditions,

— -
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Hdnel, G.,

1971

New results concerning the dependence of visibility on re-
lative humidity and their significance in a model for vi-
sibility forcast., Contrib,Atmos,Phys, L4: 137-167

The author analyzes conditions of deducing a realistic
model for visibility predic*ion, The methodclogy of the
measurement of the complex index of refraction is cutlined
and some preliminary results communicated,

3:6 - 305

Hdnel, G., 1976

The properties of atmospheric aerosol particles as
functions of the relative humidity at thermodynamic
equilibrium with the surrounding moist air, 73-188

in the " Advances in Geophysics, Vol, 19, Academic
Press, New York, by Landberg, H.E., and J, von Mieg-
hem,

The subject of this very detailed study of the depen-
dence of size, density and mean refractive index om the
relative humidity, The difference between ias growth of
an individual particle and of a sample of aerosol (col-
lected in an impactor) is described analytically and
the possible errors discussed in details, The experi-
mental-results and calculations of the extinction, scat-
tering and absorption coefficient are applied for at-
mospherig optics (e.g.visual range).

105 - 10
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Hlnel,G,, and R, Jiugi, 1976

Eine Ukonomische MBherungsformel fUr den Absorptionskoef-
fizienten atmosphdrischer Aerosolteilchen, in "Aerosole

in Haturwissenschaft, lMedizin und Technik",Bericht der
L,Tagung der GAF, 172-176

An approximate formula for the coerficient of absorption
is deduced, which cces not deviate more than * LO% of the
exact formula for the wave length ranges between 0,3 and
2,5 um and 9,25 to 12 um (at relative humiuities between

0% and 95%). The formula is independent of the particle
size distribution,

117
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Heintzenberg, J., 1974

On the determinatior of the in situ aerosol size distribu-
tion from measurements with a multi-wavelength integrating
nephelometer and optical particle counters, in "Aerosole
in Naturwissenschaft,Medizin und Technik, Jahreskongress
GAF, p. 170-185.

L-channel intergraiting neph2lometer (A = 0.451; 0.552;
0,701 and 0.875 um), Royco-225 porticle counter and G2 AN
counter were used to investigat: the particle distribution
from the optical parameters of the aerosol in situ, Through
a systematic variation of the parameters characterizing the
model of the size spectrum, the sirulated signals are mat-
ched to the measured data., Atmospheric size distribution
was simulated by several log-normal distributions., Several
examplzs of the measurement are presented,

302 - 306 - 102

-—

Heintzenberg, J., and ¥, Baker, 1976

Spherical particle populations: Approximate analytic rela-
tiouship between the size distribution parameters and in-
tegral opti:=al properties, Apuwl.Optics, 15: 1178-1181

The absorption and scattering efficiencies of spherical
particles in a certain size range can be approximsted by
a threeparameter formuia, 7ith thi. formula, 3 ralstion-
ship is develcped between cthe extinction, scattering, or
absorption ccefficients and the parameters of log-normal
size distribution of particulates, 'ie can approx. calcula-
te the optical coefficients from the mean radius, its
standard deviaticn and the totzl number concentration.

301 - 1.2

Hermann,J., and H.J. Eiberweiser, 1974

The influence of particle size in extinction measurements,
Staub, 34(5): 123-129

The influence of particle size distribution on the extinc-
tion mearurement by a photo-electric sensor was investiga-
ted, Jifferent kinds of tect aerosol were used (glasg, 1li-
me rtone, fly ashes and coal) and varied in a systematic
viay.
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Hess, V,F,, 1948

T T TR E B

On the concetration of condensation nuclel in the air o-

ver the Nortfh Atlantic, Terrestrial Magnetism Atmospheric
Elec, 53: 395-403 ’

PRE R R S ecr Ty

The author found % difference in AN counts over the wes-
tern (575-813 cm=3) and eastern part (478-50% cem=3) of
the.North Atlantic, This is apparently related to the pol~
lution comming with the prevailing air circulation,

bel

Hess, VeFe, 1951

Further determinations of the concentration of condensa~
tion nuclei in the air over the North Atlantic, J.Geophys.
Res, 56: 553%-556

New series of measurements ghowed higher AN counts in
' western part (1229-1512 cm~?) and lower in eastern (887-
462) part of the North Atlantic,

;“;‘3
L
: hel
|
Heyder, Jey Co Roth, and W, Stahlhofen, 1971

A laser spectromster for size analysls of small airborne
particles, J.Aerosol Sci,, 2: 341-352

The particle size distribution in an aerosol is measured
by analyzing the light scattered by each particle in a
nearly forward direction, The particles are iliuminated
with a laser beam, the light scattered is collected by a
microscope objective and passed to a red sensitive photo-~
multiphier., The signal-to-~noise ratio of the spectrometer
makes it possible to measure particles down to 0.1 u in
diameter, This sensitivity was obtained by focusing both
the laser beam and the aerosol beanm,
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Hill, T.L., 1950

Concerning the dependence of the surface energy and
surface tension of spherical drops and bubbles on ra-
diuse., J¢ Am, Chem, SocC., 72: 3923-3927

”
%
{
%
4

T T

TR,

The aproximate model used by Fowler to investigate
theoretically the surface energy and surface tension of
a plane liquid surface is extended to spherical drops
and bubbles, assuming liquid incompressibility, It is
possible to derive an expression for the correction of
the plane surface tension for curvature, which predicts
that the surface tension decreases with radius, The mag-
nitude of this effect is small,
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Hindman, E.E., 1977

- —— RIS

Aerosol particle workshop in a coastal environment, Bull,
Amer.,Met,Society 58: 592-595

At the top of Trinidad Head, Calif, in July 1976 was orga-
nized a workshop the aim of which was to measure AN and
CCN, Instrumentation used: Gardner and Enviroment - One
counter, cond, nucleus counters, el, aerosol analyzer, Roy-
co 202, 225, and 245, Climet 208, Part., Meas, System's, ac~
tive scattering aerosol spectrometer, class, scattering
spectrometer, array probe (Knollenberg)., Element. composi-~
tion of particles was also determined, Good response of al-
most all counters has been found.
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Hindman II.,E.E., and O.E.R, Heimdahl, 1977

Submicron haze droplets and their influence on visibility
in fog, Preprints-Sixth Conf, on Inadvertant, and Planned

WVeather Modification, Oct,, Champain-Urbana, AMS, Boston, .
10-13

The authors determine from the recent optical particle
counter measurements, the contribution of the haze drop-
lets to the visibility in fog and the effect of haze drop-
lets on calculated man made visibility improvements in
fog. The measurements made in coastal region and in inlanc
as well show the haze drop contributions ranging between
7% and 60% (San Diego). In the case of post-Santa Ana fogs
at San Dilego the haze droplets might retard improvements

I e Rty -
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in visibility caused by injections of giant hygroscopic

nuclei,
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Hindman II, E«E., P.V.Hobbs, and L,F,Radke, 1977

Cloud condensation nucleus size distribution and their ef~
fects on cloud droplet size distributions, J.Atmos. Sci.,
34 951-956

An investigation into the importance of small, large and
giant CCN in the formation of cloud drops with d =30 um
in warm clouds over the Washington State was made, Cloud
droplet size distribution calculated from CCN measurements
shows a reasonable agreement with the cloud drop measure-
ment. Cloud droplets with d = 30 um were found only if lov
concentrations of small CCN (0.06 =< D £ 0,2 um) existed,

If high concentrations of small CCN were present, there we-

re very few large droplets, regardless of the concentrati-
on of giant CCN,

105 - lcl!-

Ho,W., GeM,Hidy, and R.M,Govan, 1974

Microwave measurements c¢f the liquid water content of ai-
mospheric aerosols, J.Appl.Meteor, 13: 871-879

A new method of the measurement of the dielectric constant
of atmospheric aerosols is discribecd.From these measure-
ments the free liguid water content of airborne particles
can be deduced, Measurements in the urban air in Southern
California are described, The liquid water content in aero-
sols (marine and urban aerosol) representsa significant

fraction of their masses in the relative humidity range be-
tween 40 and 75%.

3.6 - BOL} - 305

Hoang, Ch.T,, and J, Servant, 1974

Exemple d'un apport continental de quelques metaux dans
lt'aerosol au-decssus de 1¥Atlsntique Nord a la latitude
de 40°N. J.Rech.Atmos. 8: 791-~805

The aercsols were collected on beoard the ships over the
North 4tlantic Ocean, between lNew Founland and Portugue-
se coant. The say les were made on thg filter Delbag Mi-
crosorban.(éo Chs ? throug which 720 m” cf air were fil-
tered dgrlng one day. Te analysis was made by the neutron
activetion, The following concentrations were found:
10-20 nE/gQ for Al and Fe; Q.1 to 0.2 ng/m” for Mn;

m

0,01 ng rer Co, 0,06 n /?) for Cr, Total dust content
amounted from o,2 to 4 ugﬁm of air,
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HObbS. P.V, 3 1971

Simultaneous airborne measurements of cloud condensation
nuclei and sodium-containing particles over the ocean,

QuartoJo RMS, 97: 263"271

Aircraft CCN measurements with Therm,Grad,Diff,Chamber
(mostly at 0.5% supersatur.) werp made over Seatle and
adjacent Pacific Ocean area, Sodium containing particles
were measured with the flame photometer. chsconcentra-
tionwas over the ocean a few hundred per cm -, CCN decre-
ased between the surface and 1.5 km but remained constant
between 1.5 and 3,0 kr, CCN a few hundred feet above the
surf were not different from those over the open ocean.
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Hobbs,P.V., L.Radke, and E.BE,Hindman,II,, 1976

An integrated airborne particle-measuring facility and its
- preliminary use in atmospheric aerosol studies, J.Aerosol
. Sci., 7: 195-211

A description of an integrated airborne system for the air-
craft aerosol characteristics measurement is presented,

The system covers the particle sizeérange §rom 9.01 to 30
um and concentration range from 10™° to 10/ c¢m -, Parti~
cles from 5 to 100 um are collected by impaction and their
water solubility is determined in the laboratory., Samples
collected over the Pacific Ocean show clearly the predomi-
nant role of NaCl particles in the giant and large nuclei
range,

O AN B T

502 - 506 = 507

Hedkinson, JeRe, 1966

Particle sizing by means of the forward scattering lobe,
Appl.Optics, 5: 839-844

The argular distribution of the intensity of scattered
| Tight in the mein lobe of the diffraction pattern of a
particle chanr strongly with size, but is larzely inde-
pendent of its .efractive index. A measurement of the ra-
ti0os between the scattered intensities at a pair of con-
venient angles within the lobe and at two different wave-
lengihs might give a useful information about the particle
sizes without knowing their refractive index,
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Hoffer, T,E., and A,R.W, Presley, 1971

Detection of chloride ions in a Klucel medium, J.Appl.Met,
10t 1346-1348

Some of the gelatins now available have high residual chlo-
ride content, One may use as a substitute a substance with
a trade name Kiucel by Hercules Inc, A suitable gel will be
preparsd, Haloes vecame visible when the Klucel medium is
exposed to light (after 3 - 15 min.). In the classical Lie-
segang method medium was sensitized with AgNOz to give

PH = 2,5, Klucel medium can withstand temperatures as high
as 34°C without distortion,

507 -

Hoffman, Ge.L., and R.A. Duce, 1972

Consideration of the chemical fractionation of alkali and
alkaline earth metals in the Hawaiian marine atmosphere,
Je. Geophys.Res, 77: 5161-516G

Filter samples were taken by Gelman Huricane air sampler
on Delbag Microsorban polystyrene filters (type 99/97).
Atomic absorption anclysis of Na, Mg, Ca, K, Sr showed
that there is no large-scale chemical fractionation of

Mg, Ca, K and Sr relative to Na in the Hawaiian Islands
atmosphere,

l.l} had l}.2

) Hoffman G.L,, ReA. Duce, and E,J, Hoffman, 1972

Trace metals in the Hawalian marine atmosvhere, J,Geodhys.

Res, 77: 5322-5329

On 20 m tower on Oahu Island, Hawaii were made 200 atmos-
heric-varticulate samvle analyses by atomic absorption

for V., Al, Mn), Most of the metals were of continental
crustal material,
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Hosan, A. WQ [ 1968 ' <

Experiments with Aitken counters in maritime atmosphere,
JeRech.Atmose., L4: 53-57

.

% On a light house in Oregon (Yaquina) and on board the

b ship in Atlantic Ocean AN measurements were performed

i with the Gardner and GE Aitken nuclei counter, A medi-
1 an concentgation of AN over the North Atlantic was 520

z nuclei cm>”, At Yaquina the concentrations were in mean
: 1100 ncm™>, Land-sea breeze effect caused large variati=-
H - on of nuclei concentration, Along the seashore of the

: | East of the USA a strong influence of air pollution on

: the AN counts was found,

4,1

Hogan, Au7., 1976

: Physical Properties of the Atmospheric Aerosol, ASRC-SUMNY,
; : Scotia, Sepe Dpe 168 '

ferosol concentrations vere measured with photoelectric ae-
rosol detector, calibrated against a reference Pollak coun-
ter, Measurements were performed over the oceans and conti-
nents as well, At some sites aerial investigations suppor-
ted surface measurements, Over the seas aerosol concentra-
tions are regulated by high pressure areas, monsoons and
over tempera%e oceanic regions the counts ranged from 300
to 500 AN/cm”,

Lol
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Hogan, A.V., 1976

Aeroscls of the Trzde Wind Region, J.Appl.Meteor, :
611619 ) G500 delppletioteors, 15

Several instruments were used for the measurement of the
concentration of maritime aerosol on the north shore of
Qahu: GE counter, Gardmsr counter, photographic AN counter
with high sensitivity. Light scattering instrument were
also vsed to determine the concentration o larger parti-
culates, In mean,concentrations of 260 cm~>_were found,
but variations over the range 30 to 40O cm"3 occured,
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Hogan, A.V., 1977

Meteorological variation of maritime aerosols, Vol, of

Abstr, 9-th Int, Conf, on Atmos, Aerosols, Cond. and Ice
Nuclei, Galvay, 152

A survey on the AN measurements from ships at sea, islands,
mountains and polar regions is made and some conclusions
about the sources and sinks of the tropospheric aerosol
nade, The Icelandic low pressure region, the area Pole~
vard of the Antarctic convergence and the Trade W%nd Regi-
¢ on are characterized by concentrations of 300 ca™ and

H lower, No secular variation of the AN ncentrations over
) the North Atlantic Oceen has been founc .

bod

Hogan,A.'ley JeMeBishop, AJL.iymer, B,Y,Harlow, J.C.Klepper,
and G,Lupo, 1967

Aitken nuclei observations over the North Atlantic Ocean,
JeAppl.Meteor, 6: 726-727

Systematic measurements of Al were performed over the
North Atlantic Ocean, between latitude 30 and 40 N, The ]
observations of 1966 were made six times per day withghe !
Gardner counter. The median concentration-gas 520 cm”
with 16% of observations less than 250 cm™,

Lol

n“

Hogan,A.W., V.A,Mohnen, and V,J, Schaefer, 1973

apa ke st ne w

Comment on "QOceanic aerosol levels dedvced from measure-

ments of the electrical conductivity of the atmosphere,"
Je Atmos.?ci,, 30, 1455-1460

e S e Dn TN

The distribution of AN concentrations over the North Atlan-
: tic is plotted in a chart which shows how the eastern part

;

of the USA pollu:es the North Atlantic, Close to the sea- %

shore AN concentrations range up to several thousands per 7

: cm~5, Far over the ocean the AN background concentration %
‘ amounts to several hudred per cm=3, %
| 125 |2
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Hopr2l, W.A,, and J.W.Fitzgerald, 1976

Measurement of CCN spectra at low supersaturations in
relation to fog formation off the coast of Nova Scotia,
Proc, of the Sympos, on Radiation in the Atmosphere,

Garmisch-Partenkirchen, 1976, Scieace Press, Princeton,
N.J. '} 62“61-*-

The measurement of CCH at very low supersaturations with
Thermal Gradient Diffusion Cloud Chamber and ¥ith Laktinov
Chamber are discussed, A unicue relationship between the
equilibrium size at saturation and the critical supersa-

turation independent of the fraction of the soluble mate-~
rial has been found,

546

Hoppel,W.,A., HoeE.Gerber, and T,A.Wojciechowski, 1977

Measurement of the relationship between size and critical
supersaturation for natural aerosols and salt nuclei, Vol.

of Abstr. 9th Int.Conf, on Atmos.Aerosols, Cond, and Ice
Nuciei, Galway, 75

An experiment «#ith monodisperse NaCl and (NH,),SO, parti-
cles and the relationship between particle siz€ and criti-
cal supersaturation is described, Goetz centrifuge was i1~
sed in order to eliminate large multiply-charged particles
transmitted by the mobility analyzer, Discrepencies betwe-
en the previous measurements by other authors were found,

Similar measurements have been performed onboard the ship
over the ocean,

1.5

Hoppel,Wene, and T.A.Vojciechowski, 1976

Accuracy limitations on CCN measurement$s with thermal gra-
dient diffusion chambers, J.Appl.Meteor. 15: 107-112

The authors analyzed the function of thermal gradient dif-
fusion cloud chambers and found not well-defined plateau

(wvhen the number of CCN is plotted as a function of time),
and a discrepancy batween CCN counts obtained by instanta-

neous photography and the time-exposure method, The latter
nethod is recomrzended for application.
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Hoppel, W.a,, 1975

[

Growth of condensation nuclej by heteromolecular condensa-
tion, J,Rech,Atmos, 9: 167-180

A model for the growth of atmospheric CN by simultaneous
addition of water vapor and H

250, vapor (formed from 50,
and Has) indicates that B SOﬁ sofution will condense on

the growth time of small AN in-

n the tropo-

sphere, NH reduces the nucleation barrier of gas-to-par-

ticle conv rsion,
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1.5

Hoppel, VoA, and Dinger J,E., 1973

Production of cloud nuclei by ultraviolet radiation,
J4Atmos,Sci, 302 331-334

Experiments were performed both in the lab

oratory and
from the airplane with Pollak. and En

vironment 6ne coun-

mal grad, diffusion
chamber.nﬁive heated quarz tubes permitte
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Hoppel, W.a,, JeE,Dinger, and R,EB.Ruskin, 1973

Vertical profiles of CCN at various

£eographical locati-
ons, J.Atmos.Sci., 30: 1410-1420

Aircraft measurements up to 3,5 km (2f1ights up to 10,5
km) over Arizona, Central Pacific, Alaska and Floriga
vwere made, Air was introduced through five quartz tubes
; heated to different temperature into a therm, diffusion
¢ Chamber, At lpy altitude over continental areas 10 X mo-
re CCN were found than in maritime air, The oceanic and

i arctic profiles indicate a downward movement of CCN with
- the possible source in the upper tro
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Horne, Re.A,, 1969
Marine Chemistry, Interscience, New York, pp.568

The monograph deals with the main subjects of marine che-
mistry such as composition of sea water with a special
attention paid to the top most layer of the .cean, The se-
varation of ions in the surface microlayer,

4 lelp - 248

fgorvath, H,, and G, Presle, 1975

DJer #influss cer Farbe auf die Sichtweite in "Aerosole
: in Haturwissenechaft, Medizin und Technik, Chemie der
S Unireltaerosole®, Jahreskongress, cer GAF, 86-89

The visibility is influenced by the amount of light scat-
tered and by the extinction of light in the atmosphere
containing verticulates, Because the extinction caused by
z certain kin¢ of aerosol particles and also the sensiti-
vity of the human eye depend on the wave length of light,
the simple Koschmieder relationship for the'meteorologi-
cal range" has to be corrected, The author describes ex-

neriments in a tanlk filled viith hydrosol which enabled
him to establish this correction,

346
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HOY, ReDe, 1974

The calculation of infrared radiative cooling rates inclu-

¢ing the effects of water aerosols, IAMAP-TUGG Assembly,
i‘elbourne, IAMAP, Publ, No.l5, a, Toronto, 87

gated for various ranges of aerosol sizes, The Junge size
distribution is assumed, Aerosol particles with radii be-
tween 0.1 and 4,0 um appear to be most significant for
infrared radiation trarsfer, The radioactive transfer de-
pends partly on the slope of the size distribution curve
and on the aerosol somposition. At humidities greater than

70% a considerable part of aerosol can be represented by
water aerosol,

% 1 Absorption and scattering of infrared radiation is investi-
E
%
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Hsu, S,A., and T, Whelan III, 1976

Transport of atmospheric sea salt in coastal zone, Env,
Sci, & Techn, 10: 281-283

Studies on Padre Island (1972) and Barbados Islanrd 1973
are described, Measured wére: Ratio of Mg/Na and the di-
stribution of the total amount of salt particles im the
air, Air was bubbled through 250 ml of double-distilled

. water and then was determined Na, Mg by atomic absorpti-
on spectroscopy.The Tgnual production rate of sea salts
amounts to 1,1 x 10~ g/year.
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Ibrahim, M,F.K., and W,J,Megaw, 1977

Condensation on soluble and insolutle particles, Vol, of

Abstr,, 9th Int.Conf,on Atmos. Aerosols, Cond,,and Ice Nu-
clei, éalway, 38 ’ ’

The description of a simple cloud condensation nucleus
counter which can change from 100% R,H, to supersaturati-
on rather rapidly is presented, The preliminary results of
measurements agree well with theory, except for the case
of completely insoluble particles,

Self - 1.4 - 1,5

Irvine, W.M., and J.B.Pollack, 1968

Infrared optical properties of water and ice, Icarus,

8: 324-360

The authors measured absorption spectra of water, ice, am-
monium sulfate and of sea salt in the wave lengtﬁ range
1,0 um to 14,0 um, The absorption coefficient-wave length
curve for sea salt resembles to that of ammonium sulfate
except of the slight shifting of the peaks toward the
shorter wave lengths,

e A ———— B3 1

3;4 - 305

Isono, K. 1957 . -

On sea-salt nuclei in the atmosphere, Geofis.Pura
Appl, 36: 156164

Based on the chemical analysis of cloud elements the
author concludes that in cloud drops at the summit of
Japanese mountains 30% of nuclei were composed of salts.
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Isono, K., and Y, Ishizahsa, 1677

Sources and material composition cf atmospheric aerosols,
Vol,of Abstracts 9th Int.Conf.on Atmes,Aerosols,Cond, and
Tce Nuclel, Galway, 82

Aerosol particles were collected at different sites and
different altitudes ir Japan an over the neighboring seas.
The measurements showed that above 250C m only (NH S04,
(NH,.) ,Ca SO CaS0,,, ¥gSOy and silicates were pregeﬁt.
The*particld Ir S

details,

anspdrt in the atmosphere is discussed in j

#02 - 10@

Ito, T., 1977

Or the size distribution of aerosols in North Pacific air
mass, Vol,of Abstr, 9th Int.Conf, on Atmous.Aerosols, Cond.
and Ice Nuclei, Gaiway, 150

Concetration and size distributioa of marine aerosols in
the North Pacific have been measured, A diffusion battery
with an improved Pollak counter was used for determining
the sizé distribution of particles with radii between .
Jo002 and 0,2 um, A stroag correl: ticn with the origin of
the air mass has been found., Air wass coming from the main-
land showed concentratiins between 1,000 and 2,000 cm™” and
a narrow peak between 0,02 and 0,07 uwm radius,

BUMAIA b MR AT P s e e R

.

bel - 1,2

) Ivlev, 1L.S., and S,I. Popova, 1973

The complex refractive indices of substances in the atmos-

pheric aerosol dispersed phase, Izv.Akad,lauk USS
. Ocean,Phys,, 9 : 1034-1043 ’ R, Atmos,

Eyaluate.the optical parameters of a model aerosol by assu-
ming a linear relationship between the optical conscants of

the particle bulk constituents and the particle surface che-
nical composition,
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Jacobs, VW,C.,, 1937

Ereliminary report on the study of atmospheric chlorides,
Men,Heath,Rev,US.Dep, \gric, 65: 147

4 hypothesis of chloride particle generation from bursting
bubbles on the sea surface is presented,

Tyt o v pR e R T I TR
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Jaenicke, R., 1974

Size distribution of condensation nuclei in the NE trade
regime of the African coast., J F.ch.Atmos, 8: 723-733.

A combination of special diffusion battery with the GE AH
counter _enabled to measure AN size distribution below

r = 10“6cm. The measurements of AN were made on the Island
of Sal ( 16944t N; 22957¢ W ), AN total concentrations
ranged from 450 to 1,200 cm™’, The aeroscl on the ground
yvas of maritime origin, at higher levels of continental
(Sahars dust), Two distinct maxima were found in the AN

size distributiog, one around 1077 cm radius and the ot~
! her zround 2xi0~° cm,

ol - 1,2

Jaenicke, R., 1975

Absolute, direkte und relative Kondensationskernzihler, in
"Aerosole in Naturwissenschaft, Medizin und Technik, Che-
mie der Umweltaerosole', Jahreskongress der GAF, 78-81

ACYSaE TRty

Comparison of the errors in particle counting by Schola
counter and by photographic nuclei counter is presented,
: Main attention is peid to the diffusional losses of nuclei,
g which could amount in the Scholz counter up to 12%, On the
other hand, the photographic counter suffers of on an "“in-
crease" in nuclei counts due to the air expansion by meanr

of a valve, The appropriateness of the words "absolute
counter" is discussed,
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Jaenicke,R,, 1977

The size distribution of Aitken nuclei in background aero-

sols, Vol.of Abstr, 9th Int.Conf, on Atmos.Aerosols,lond.&
Ice Nuclei, Galway, 131

The author describes a metlkod based on the use of diffusi-
on batteries and condensation nuclei counter in order to
establish the sizg distribution of AN with concentrations
as low as 200 cm - AN of all sizes between 0,001 um and
0.1 um have been found over the North Atlantic with three
isolated maxima.Their location seems to depend on the winc
velocity and atmospheric turbulent exchange.

}-'-.l - 102

Jaenicke, R., C.Junge, and H.J.Kanter, 1971

Messungen der Aerosolgr8ssenverteilung Wber dem Atlantik,
Meteor, Forschungsergebnisse, Reihe B, Nr,7, Verlag Born-
tr¥ger, Berlin, 1-54

The particle size distribution of atmogpheric'aerosol a-
long the 300W longitude in the passat wind region of the
Atlantic Ocean showed the presernce of the aerosol of con-
tinental origin. The mineral component of the aeyosol co=-
vers the size range between 0.3 and 20 um in radius and
increases the total aerosol concentration of one order .
of magnitude.

2.6 - 1.2

Jeck, R.K., 1076

Performance of che PM axlally scattering spectrometer pro-

be, NRL, Washington. pres, at the Asrosol Measurement Work-
shop, Univ.of Florila, March 24~20

Axially Scattering Spectrometer Probe (ASSP) has been ca=-
librated in the laboratory and flown onboard an aircraft,
The author investigated into several potential sources of
errors which might cause serious distortions of the size
distribution of particulates between the 0,5 to 40 um in
diameter. The problems encountered during the field measu-

rement are: electronics modul overheating, water in op-
tics, anisokinetic sampling etc,
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Jennings, S.G., 1977

The effect of particle size distribution and complex index
of refraction of atmospheric aerosols on the visual range,

Vol, of Abstracts 9th Int,Conf, on Atmos.Aerosols, Cond,
and Ice Niclei, Galway, 132

A study of the effect of particle size distribuvtion and
complex index of refraction on the visual range has been
made, The calculations were performed for A = 550 nm using
a generalized Mie scattering theory for particles log-nor-
mally distributed, It was found that the visual range is
insensitive to the imaginary index k over the range 0,001
<k < 0,3 for r, > 0,05 um, however,it decreases by a fac-

tor of 5 as the %eal index n is increased from 1.33 to 1.8
for 0.01's»rg-s O¢1 unm,

346 = 3,5 - 1,2

Juisto, J.E,, 1966

Maritime concentrations of condensation nuclei, J, Rech,

Found higher concentrations of AN on the top of an inver-
sion over the island Hawaii. Those anomalous counts were
approximately 400 cm™” in a layer of about 100 nm thicknegs.
Above and below this layer the counts were about 200 cm=>,

L}.l - 2.1

JitIstO, J.EQ’ 1967

Aerosol and cloud microphysics measurements in Hawaii,
Tellus, 19: 359-368

During the study of warm rain processes, microphysical pro-
perties of the clouds were invss&ggated. Hawaiian CCN spec-
trum is described by N = 53 s¥**°, If the particles would
be NaCl with "dry" radius ry, N(rp) = 2.5 rg0e?7, Diffe-
rences in the slopes of supersaturation-nucleus concentra-
tion spectra are related to the continental character of
the aerosol advancing over the island,

he2 = 1,5 134
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Jiusto, J.E.,, 1968

Droplet growth.on cloud nuclei, Proc,Int.Conf,on Cloud
Physics, Univ. of Toronto, 62-66

Droplig growth on NaCl nuc%ei of sizes between 0405 um

(10 =+2 g) and 4.8 um (10~7 g) has been calculated for
supersaturations of 3,0; 1,0; 0,1; 0,03; 0,01 and 0,00%,
NaCl particles can be activated at a supersaturation of
0,01% and grow during a short time into *he size of 1,2 :
um, At a supersaturation of 1% nonhygroscopic nuclei
can be activated and reach the radius of 8 um (from the
original 0,2 um) within 26 sec, Some conclusions have
been made for the fog dispersion with hygroscopic sub-

- stances,

1.9

Johnson, D.B., 1976

The relative importance of variations in CCN spectra and
updraft strength, J. Atmos.Sci., 33: 345-346

Twomey expression relating CCN spsctral parameters (C, k) i
and updraft speed U to the number of activated nuclei (N) :
in the base of a growing cloud is analyzed, The calculati- {
on shows the important meaning of the individual terms E|
and their relationship to cloud dynamics, f

1.5

Johnston, D,R,, and D.E., Burch, 1967 3

Attenuation by artificial fogs in the visible, near infra-
red, and far infrared, Appl,Cptics, 6: 1497

"y oA B s o des

adrp_rt

The attenuation coefficient ratios (o / & g 546) for ar-
tificial fogs have been measured at 345 um, In addition at
13.5; 10.0; 3,5; 1.0l and 0,436 um and acomparison was ma-
de between artificial and natural fogs. The authors con-
clude that their artificial fogs closely resemble natural
fogs. Artifial fogs are generated and allowed to dissipa~
te while attenuation measurements at several wavelengths

were measured. The green mercury arc line A= 0,546 um was
used as reference,
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Junge, CeE., 1935

Ubersdttigungsmessungen an atmosph¥rischen Kondensa~-
tionskernen, Gerlands Beltr.Geophys. 46: 108-i29

Experiments with different aerosols activated at a cri-
tical supersaturation in a spherical cloud chamber are
described. The supersaturation ( or undersaturation)

was maintained in the chamber by using different liquids
( with different vapor pressurﬂ{ at the bottom. It was
shown that several few percent of supersaturation can
activate most the atmospheric nuclei, and that the nu-
clei grow in agreement with Koehler's theory.

1.5

Junge, C.E., 1936

Zur Frage der Kerhwirksamkeit des Staubes, Meteorol. Z.,
5: 186-188

Not all active nuclei are hygroscopic. Each nucleus can
become at a sufficient humidity condensation nucieus,
Plhiysical~chemical properties of different kinds of nu-

c¢lei found in nature and generated in the laboratory
are discussed,

N A A DA A P SO K S2

1.5

Junge, C,E,, 1952

Die Konstitution des Atmosph¥rischen Aerosols,
Ann,Meteorol, 5: Suppl, 1=55

Nuclei growth curves show a hysteresis at lowering or
rising the relative humidity, Salt solution drops start
to crystallize around LO% R.H.during decreasing R,H,
Measurements of natural aeroscl over a wide range of
sizes igldicate a value of €= 1,3 for humidity change
from 60% to 95%. For pure droplets of salt solution’

€ = 1,8+ This means on increase in optical parameter
oy by a factor of 2,2 and 5,8 respectively,

o .~ =
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Junge, CsE, ' 1952

GesetzmMssigkeiten in der urBssenverteilung atmosphlri-
scher Aerosole Uber dem Kontinent, Ber,deutsch,Wetterd.

' US-Zone, 35: 261-277

Based on the extensive measurements the author concludes

that continental aerosols have an essentially coherent si-
oe distribution (not discrete groups of particles related

to the different measuring technique),
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Junge, C.Fo, 1952

Das Gr#ssenwachstum der Aitkenkerne: Ber,deut,Wetter~
dienstes US-Zone, 38: 264-267

An average growth curve for Aitken nuclei over Central
Europe shows, that continental aerosols are mixed par-
ticles which behave partly like droplets of a salt so-~
lution.Growth curves of individual natural giant parti-
cles show a great variety, which is to be expected for

more complex chemical composition of the larger aero-
sol particles,
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Junge, C.y 1953

Die Rolle der Aerosole unc¢ der GasfSrmigen Be.mengungen

gerngét im Spurenstoffhaushalt der Troposph¥re, Tellus,

The individual processes determining the budget of impuri~
ties in the atmosphere are discussed, The particle concenw
traticn was calculated for éifferent sizes of nuclei and
for two relative humidities (95 and 40%). The “growth cha-
racteristic ratio" defined as the ratic of the particle
radii correspounding to these humidities is diffeient for
the continent {1.3) and for the oceanic site {1,3 or 1.8).
le sedimentation is considereds.

‘The influence on partic
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Junge. CeE,. 1955

The size distribution and aging of natural aerosol as
determined from electrical and optical data in the
atmosphere, J.Meteor, 12: 13-25

The diffusion metbod and mobility ion measurements
offer an information about particle size distribution
up to the radii of 0,1 um, To convert a mobility icn
rpectrum inte an aeprasol soontriem one needs to know
both the charege of varticles and their charged fracFlon
g as a function of particle radius,The time for reaching
5 g ionizatiog equilibrium is 0,5 hr for particles with .
b r = 3x10~¢ um, The measurements show that AN have their
¢ concentration maximum in the size range between 10~
and 10-5 cm,
1,2

Junge, C.EO ’ 1955

; | The vertical distribution of aerosols over the ocean.,
: ; Aptificial stimulation of rain, Proc,Conf.Phys. Cloud &
: Precipitation Particles, lst,Woods Hole, §9-96

Heither gravity nor condensation would be able to estab-
lish an eguilibrium between the upward transport of nuclei
and their elimination by the condensation process at cloud
level, It has been shovm theoretically that the observa-
tions of sea-~salt particles can be explained by the non-
steady-state colution of the equations, The most impor-
tant is apparently the removal of particulates by preci-
pitation rather than by sedimentation,
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Junge, C.E,, 1956
Recent investigations in air chemistry, Tellus, 126-139

i Two sgage impactor segarated paﬁticles from 8xlO"6 to
£ 8x1077 and from 8x10~> to 8x10~%*cm, Following ions and
£ gases were identified: NHY , NO§ , C1!, SO§, Na* and NHz,
NyO,, Ol,, SOp, Conclusions: NOz was concedtrated predomi-
nan%ly iff giant particles, Its amount decreased with in-

= creasing maritive influence, C1! was almost completely

g% confined to the giant particles. NH), was confined almost
3 ;f completely to iarge nuclei, SOhnot ﬁetocted in large par-

; ticles. Concentration of gases NHz, NxOy, SO2 are 10x hig-

b r than the corresponding particulate %atter.
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